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PREFACE 


oo 


Tar “RupiMentary Treatisk” of the late Mr. Baker on 
“LAND AND ENGINEERING SURVEYING ” has been so long 
and so widely known as an accepted text-book in schools and 
colleges, and has been so generally recommended by pro- 
fessional authorities, that it. is needless to dwell upon its 
merits. But the conditions under which the training of 
Students in Surveying, as well as the work of the Surveyor, 
is now carried on, are so different from those prevailing when 
the book was first issued, that a revision of the volume 
was felt to be necessary ; and, by arrangement with the 
Publishers, I have undertaken the preparation of this 
edition. 

While I have been careful to preserve all the main 
features of the much-esteemed “Baker,” the opportunity 
has been taken of dealing with the text of the entire work 
Certain sections thereof—which, though ancillary to the 
practice of a Surveyor, could hardly be deemed appropriate 
to a rudimentary treatise—have been eliminated, and in 
certain other directions the scope of the work has been 
extended. 

The yolume being recommended hy (amongst other 
authorities) the Councils of the Institution of Surveyors, 
the Royal Agricultural Society of England, and the Incor- 
porated Association of Municipal and Comnty Engineers, 
examples of the Examination Papers issued by them have 
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been introduced; and I may say that in rewriting the 
work I have endeavoured so to adapt and extend the 
contents of the volume as to meet the requirements of 
those bodies, 

For this purpose I have added chapters on Mensuration, 
Logarithms, and Trigonometry as applied in Surveying, as 
well as a chapter dealing with the publications of the 
Ordnance Smvey. While the original text has been revised 
throughout, the chapter on Levelling has been rewritten ; 
and amongst other subjects which have been more fully 
dealt with, or are now treated for the first time in the work, 
I may mention Surveying with the Theodolite, Improved 
Methods of Setting-out Curves, Determination of Latitude 
and Longitude, Surveying with the Magnetic Needle, 
Measurement of Timber, Stacks, etc. Where necessary, 
new illustrations have been provided in the place of those 
formerly given, and others have been added. 

With these adaptations and improvements, it is hoped 
that the work may ‘be found sufliciently brought “up to 
date” to prove a satisfactory progressive Introduction to 
the Practice and Principles of Surveying, and be found 
increasingly useful by those for whose assistance it is 
designed. 

Thave much pleasure in expressing my obligations to 
Mr. W. F. Stanley, for allowing the use in the volume of 
matter and illustrations appearing in his published works 
dealing with the construction of the Theodolite and the 
Level; and I have also to thank Mr, L. A. Cooper for his 
assistance in preparing the new illustrations required for 
this edition, and generally in the course of the revision of 
the work. 

FP. E, Dixon, 

49, Lune Sreeet, Prestox. 
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CHAPTER I. 
PRACTICAL GEOMETRY, 


Definitions. 


1. 4A point has no dimensions, neither y 
or fies. ' iia i 
2. Alinchas lengthonly,as A. A line A 
may be straight or curved. —_———— 
3. A surface or plane has length and 
breadth, as B. A surface may be either 
flat or curved. 
4, A straight line lies evenly between its extreme points, 
as AB, ‘ 
5. Parallel lines ave such as are in the A——————B 
same plane, and never meet when pro- ,, : 
longed, as A B and C D. oD 
6. An angle is formed by the meeting 
of two lines not being in the same straight = 
line, as A.C, CB. It is called the angle c= p 


ACB. : 
7. A right angle is formed by a straight A 


line standing on another straight line, and D 
making the adjacent angles equal to one 
another, as the angles A B E and ABO, 

which will beright angles. ThelmeAB EB co) 


will then be perpendicular to EC. 
8. An acute angle is less than a right angle, as DBC. , 
B 


B 
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9. An obtuse angle is greater than a right angle, as DBE. 
10. A triangle is a figure included by three straight lines. 


11. A vight-angled triangle is one which has 

aright angle, as ABC. Theside AC, oppo- 

site the right angle, is called the hypotenuse + 

A the sides A B and BC are respectively called 


ah 
B 
7 the base and perpendicular. 
B 


12. An obluse-angled triangle is that which 
has an obtuse angle, as the angle at B. 


ra! D aS 13. An acute-angled triangle is that which 


has all its three angles acute, as D. 


14, An equilateral triangle is that which 
has three equal sides, as E 


15. An isosceles triangle is that which has 
two equal sides, as 1’, 


16. A quadrilateral figure is a figure bounded by four 
= = straight lines; when its opposite sides are 
parallel and equal, it, is called a parallelogram. 


ce 17. A square has all its sides equal, and 
all its angles right angles, as G. 


18, 4 reelungle is a parallelogram with all its angles 
tight angles, as B (see figure to Definition 3) or G. 


19. 4 rhombus is a parallelogram having 
all its sides equal, but its angles are not 
right angles, as 1. 


20. A rhomboid isa parallelogram haying 
its opposite sides equal, but all its sides 
are not equal, nor its angles right angles, 
as K. 


21. A trapezium is a figure bounded by four 
straight lines, no two of which are parallel to 
each other, as L. A line connecting any two of 
its opposite angles is called the diagonal, as AB. 
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22. 1 trapezoid is a quadrilateral, having i 
two of its opposite sides parallel, and the re- 
maining two not, as M. : 

23. Polygons ave figures having more than four sides, and 
receive particular names, according to the number of their 
sides. Thus, a pentagon has five sides; a hexagon, six; a 
heptagon, seven; an octagon, eight; &e. They are called 
regular polygons when all their sides and angles are equal 
when otherwise, irregular polygons. 

24. 1 circle is a plane figure, bounded bya 4 os 
curved line, called the circumference, which is 
everywhere equidistant from a point C within, 
called the centre. 

25. Aun aie of « circle is any part of the circumference, as 
FE. 


26. The diameter of @ circle is a a, 

: : : ‘ E 10) 
straight line A B, passing through the ? 
ceutre C. It divides the cirele into N , 

a 


two equal parts, each of which is called 
a semicircle, Half the diameter, as A C 
or CB, is called the radius. Tf a radius lip 
C D be drawn at right angles to AB, io 
it will divide the semicircle into two equal parts, each of 
which is called a quadrant, or one-fourth of a circle. A 
chord is a straight line joining the extremities of an are, as 
VE. It divides the circle into two unequal parts called 
segments. If the radii CI’, CE be drawn, the space bounded 
by these radii and the are FE will be the secfor of « cirele, 
27. ‘The circumference of every circle is divided into 360 
equal parts called degrees, and each degree into 60 minutes, 
each mintite into 60 seconds, &e. Hence a semicircle 
contains 180 degrees, and a quadrant 90 degrees. 


28. The meusure of an angle is an are of 
any circle contained between the two lines 
which form the angle, the angular point 
being the centre ; and it is estimated by the 
number of degrees contained in that are. 
Thus the arc A B, the centre of which is ©, 
is the measure of the angle ACB. If the 
angle ACB contain 42 degrees, 29 minutes, and 48 seconds, 


it is thus written : 42° 297 48” 
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29. 4 solid is that which has length, breadth, and thick- 
ness. That which bounds a solid is a superticies. 


30. 4 pyramid is a solid figure, con- 

tained by three or more triangles which 

j meet at a point, and by another recti- 
linear figure. 

31. 4 prism is a solid figure 

contained by plane figures, of which 


two that are opposite are equal, 
similar, and parallel to one another ; 
and the others are parallelograms. 


32. 2f prismoid is v solid having for 


ee its ends any two parallel plane recti- 


lineal figures of the same number of 


@ sides, and having all its faces trape- 


zoids. 


33. A sphere is a solid figure, described 
by -the revolution of a semicircle about its 
djameter, which remains fixed. 


34, 4 cone is a solid figure, described hy 
the revolution of a right-angled triangle about 
one of the sides containing the right angle, 
which side remains fixed. 


<a> 35. 1 cylinder is a solid figure, described 
by the revolution of a right-angled paral- 
Jélogram about one of its sides, which re- 
<> mains fixed. 
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36. A cube is a solid figure contained by 
six equal squares, 


37. An ellipse is the curve traced eae 
out by a point, which moves in 
such a manner that its distance fA ke 
from a given point, called the focus, B 
is in a constant ratio of less in- Le 


equality to its distance from a given 
straight line, called the diretrir. ad 
The diameter A B is called the 


transverse diameter ; the diameter C D the conjugate diameter. 


Theorems. 


I. On the same base, and on the same side of it, there cannot 
be two triangles having their sides which are terminated at one 
extremity of the base equal to one another, and likewise those 
which are terminated at the other extremity equal to one another, 
(Rue, I. 7.) 


IL. Uf two straight lines cut one 
another, the vertical, or opposite, 
angles ave equal. (Mue. I. 15.) Thus 
the angle A GE = angle HG DB, and 
EGB=AGH. 


III. (See last figure).—A straight line E F, cutting two 
parallel straight lines A B, C D, makes the alternate angles 
equal, ce. -—thus the angles A GH, GH D are equal; also 
the exterior angle EG B is equal to the interior and opposite 
angle G ILD ; also the angles BG H and G@ HD are together 
equal to two right angles, (Eue. I. 29.) 


Iv. The greatest side of every triangle is opposite the greatest 
angle. (Rue. I. 18.) 


V. If two sides of one triangle are equal to two sides of 
another triangle, cach to each, and the angle contained by the two 
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sides of the one equal to the angle contained by the two sides of 
the other, the triangles will be equal in all respects. (Kue. I. 4.) 


VI. If two triangles have two angles of the one equal to two 
angles of the other, each to each, and one side equal to one side, 
namely, either the sides adjacent to the equal angles, or sides 
which are opposite to equal angles in each, then shall the other 
sides be equal, each to each, and also the third angle of the one 
equal to the third angle of the other. (Buc. I. 26.) 


VII. Let the side AB of the triangle 


c ABC be produced to D, the exterior angle 
CBD is equal to the interior angles at A 
and C; also the three interior angles of 


“A BD the triangle are equal lo two right angles, 
(Buc. I. 32.) Whence any two angles 


of a triangle being given the third becomes known, 


VIII. Let ABC bea right-angled triangle (see figure to 
Definition 11, p. 2), having a right angle at B; then, the square 
on the side AG is equal to the sum of the squares on the sides 
AB,BC. . (Euc. 1.47.) Whence any two sides of a right- 
angled triangle being given the third becomes known. 


DG IX. In any triangle AB ©, 
let D E be drawn parallel to one 
of its sides, C B ; then, A Bis to 

a = B AEas BC is toD E; and the 
2 r triangles AD Eand ACB are 
said to be similar. (ue. VI. 2.) 


X. Let ABO, AED (see last figure) be similar triangles, 
then, the triangle A B C is to the triangle A Ei D as the ‘square 
of AB ts to the square of AE; that is, similar triangles are to 
one another in the duplicate ratio of their homologous, or like, 
sides. (uc. VI. 19.) 


. XI. All similar figures are to one another in the duplicate 
ratio of their homologous, or like, sides. (Buc. VI. 20.) 


XII. All similar solids are to one another as the cubes of 
their like linear dimensions, 
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Problems. 


I. Vo divide a given angle A BC into two 
equal parts. © 

From the point B with any radius 
describe the are DE, From D and FE as 
centres describe ares of equal radius ent- 
ting each other in F. Join B FP, which 
will bisect the angle required. 


II. Vo divide a given straight line A B into 
favo equal parts. 

Vrom the centres A and B, with any radius 
greater than half A B, describe ares, cutting 
each other in CG and D; draw C D, and it 
will cut A B in the middle point E. 


LIT. At a given distance ¥, to draw a straight line CD 
purallel to w given straight line AB. 


From any two points m and 7, in 7 
the line A B, with a radius equal to x 
I, describe the ares x and s:—draw seen D 


© D to touch these ares, without 
cutting them, and it will be parallel 
to A B. m Y 

IV. Through a given point 7, to draw a straight line CD 
parallel to a given straight line AB. 

From any point 7 in the line A B, with 
the distance 27, describe the arer m, draw 
the chord m7:—from. centre 7, with the 
same radius, describe the aren s :—draw 
the chord xs equal to the chord mr :— 
through 7 and s draw C D, which is the parallel required. 

V. From a given point P, in « straight line A B, to erect a 
perpendicular. 5 

On each side of the point P take any 
two equal distances, P m, P 2, onthe line 
A.B (prolonged if necessary); from the 
points mand 7, as centres, with any radius 
greaterthan P m, describetwo ares cutting 
each other in C; through C, draw CO P, 
and it will be the perpendicular required. A om Pov B 
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4 
“VIL From a given point C to let fall « perpendicular to a 
given line, 


c From C, as a centre, describe an are to 
cut A B (prolonged if necessary) in m and 
n;—with centres m and x, and the same 
or any other radius, describe arcs inter- 
secting in o: through C and 0 draw C 0, 
the perpendicular required. 


VII. To construct uw triangle with three given straight Vines. 
(Eue. I, 22.) 

Let the three given lines be 5, 4 and 

3 yards. From any scale of equal 

parts lay off the base A B= 5 yards ; 

with the centre A and radius A C= 

B 4 yards, describe an are ; with centre 

Band radius 0 B = 3 yards, describe another are cutting 

the former are in C :—draw AC and CB; then ABC is 


the triangle required. 


VIII. Given the base and perpendicular, with the place of the 
latter on the base, to construct the triangle. 

Let the base AB = 7, the 
perpendicular C D=3, and 
the distance AD = Make 
AB=7andAD = 2;—at D 
erect. the perpendicular D ©, 
which make = 3: —draw A CG 
and CB; then ABC is the 
triangle required. 


C 


IX, Zo describe a square, whose side shall be of a given 
length. ; 

Let the given line A B be 3 chains. At 
the end B of the given line erect the perpen- 
dicular B C (by Prob. Y.), which make = 
A B:—with A and C as centres, and radius 
AB, describe arcs cutting each other in 
D: draw AD, DC and the square will be 
~3 completed. 


a 


| 
| 
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K. Zo describe a rectangle having a given length and breadth. 

Let the length AB= 5chains,and D? c 
the breadth BC = 2. At B erect the ‘ 
perpendicular BC and make it = 2: 
—from A as centre, with radius BC, 4 
describe an arc; and from C as centre, 
with radius A B, describe another are, cutting the former in 
D :—join AD, DC to complete the rectangle. 


XI. The base und two perpendiculars being given, to construct 
a trapezoid. 
Let the base A B = 6, and the 


Co 
perpendiculars A D and BC, 2 and D 
3 chains respectively. Draw the 
perpendiculars A D, B C, as given 
above, and join D C, thus complet- = 


ing the trapezoid. ry 
XII. Zo makea triangle equal to a given trapezium ABCD, 
D 


Draw the diagonal D B, and C E Cc 
parallel to it, meeting A B prolonged = ws 
in E:—join D E; then shall the 
triangle A D E he equal to the trape- 
zium ABCD. 


A B ER 
XIII. 70 make a triangle equal to the figure ABCDEA. 
Draw the diagonals D A, 

D B, and the lines EF, CG, 

parallel to them, meeting the 

base A B produced both ways, 
in F and G:—join DF, DG: 
then the triangle DFG will 

be equal to the given figure F A B G 


. ABCDEA. 7 


XIV. Zo make a square equal to a given rectangle ABCD. 

Produce one side A B till BE 
be equal to B C :—bisect AE ino; Fo _& 
from which as a centre, with radius 
A 0, describe a semicircle, and pro- 
long B C to meet it in F:—on 
B F describe the square B F G H, 
and it will be equal to the rect- 
angle ABC D, as required. 
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€ 
EV. Zo find the centre af a given 
circle. 
Draw any chord A B and bisect 
it at right angles by the straight 
line CD, which will be a diameter. 


A 8 Bisect C D in O, which will be the 
ot) centre of the circle, 
D 


XVI. 70 construct un ellipse. 


Rute I.—JVhen one of the diameters is given. Divide the 
given area successively by ‘7854 and the given diameter, 
and the quotient will he the other diameter. 


Rute IL—JVhen the two diameters are required to be in a 
given proportion or vatio. Divide the given area successively 
hy ‘7854 and the product of the terms of the ratio, and the 
square root of the quotient, multiplied separately by the 


terms of the ratio will give the two diameters. 


Example 1.—Construct an ellipse containing 4 acres, and 
with a transverse diameter T’ R of 9 chains. 


By Rule I. 400000 _ xa, {links = CO, the 
pees SOU ts é 
7854x900 (conjugate diameter. 


Lay off from the centre c of the ellipse, on the transverse 
diameter TR, the distances ¢ F, ¢ f, each equal to the 
square root of the difference 
of the squares of the two semi- 
diameters; take a strong flex- 
ible cord, equal to T R, and fix 
its endsat I', f; extend the cord 
to any point, I, so that it may 
take the position F I f, and 
keeping the cord continually 
stretched, trace the elliptical 
eurve T 1 C RO, which will be 
the required boundary. 


In this casec F =ef = 4/450" — 283° = 350 links. 
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Example 2.—Lay out an ellipse to contain 2a. Or. 32p., 
the proportion of the diameters of which shall be as 7 to 4. 


By Rule I. vy, 220000 _ 


xix 78h = 100 links ; and 100 x 7=700 


links, the transverse diameter, and 100 x 4 = 400 links, 
the conjugate, ‘ 


XVII. Upon « given line A B to construct « regulur 
pentagon. 


From the point B draw BG perpendicular to A B and 
equal to half AB, Join A G and 
produce it to H, making GH = 
GB. 

From the points A and B with 
the radius BH describe ares in- 
tersecting in O, which will he 
the centre of the circle cireum- 
scribing the required pentagon. 
With centre O and the same radius 
describe the circumscribing cirele 
ABCD E. Set off the lines BC, CD, DE, and EA, 
all equal to A B, and intersecting the circumference in the 
points C, D, E. Then the figure AE DCB will be the 
pentagon required, 


XVIII. Upon a given line A B to construct a regular 
hevagon. 

From the points A and B as centres, 
with the radius A B, describe ares 
intersecting in O. 

With the centre O and the same 
radius describe the cirele ABCD EF, 
which will be the circle circumseribing 
the required hexagon. Set off the lines 
BC, CD, DE, EF, and F A, all equal 
to AB, and intersecting the circum- 
ference in the points CDEF. Then 
the figure ABCDEF will be the hexagon required. 
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XIX. Upon « given line A B to construct « regular octagon. 
From the points A and B draw A F and BE perpendi- 


cular to A.B, Produce A B to J and K. 
Bisect the angles F A J and 


: EBX by the lines AH and BC, 


uF lg each equal to A B. 
Draw GH and CD parallel to 


> AF, making them equal to A B. 
Draw GF parallel to BC, and 
, ED parallel to AH, making them 
c. equal to AB; join EF. Then 
ABCDEFGH will be the octagon 
required. 


CHAPTER II. 
MENSURATION., 


Uniformity in Measures commanded by Statute.— 
Uniformity in measures has been from time to time com- 
manded by Statute, but until the present century without 
the contemplated results, ‘“Jocal” measures, varying in 
diflerent parts of the country, continuing in force. But 
by 5 Geo. IV. c. 74, it was enacted that on and after the 
first of May, 1825, the standard yard was to be the unit of 
measurement, and all measurements, lineal and superficial, 
were to be multiples and sub-multiples of it, the acre to 
contain 160 perches or 4,840 square yards. 

Since that date these measures have gradually superseded 
the local measures. The principal local measures are, how- 
ever, sometimes met with, and some measures of the acre 
are for this reason set down below. 


Table of Linear Measure. 


Inches. ' Links. 
792 1 


te oe 
36 4 
198 25 
792 | 100 
Furlongs. 
7,920 | 1,000 1 
; Mile. 
63,360 | 8,000 1 
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s Table of Superficial Measure, 
Sq. Inches.) &q. Links, } Sq. Feet. ; 
ie | ese) tr 
1,296 20°61 pleat 
Sq. s. 
30,204 | 025, vere any POLY 
| §q.Chs. 
627,264 10,000 | 4,856 | 431 | 16 | 
1,568,160 25,000 10,890} 1,210 | 40 | 2 ae 
Si | 2 Pere 
6,272,610 | 100,000 | 43,560; 4,810 | 160 | 10 | jaca 
} | sy. 
— | 64,000,000 '7,78,200 {3,097,600 | 102,100 | 6,400 | 2,560] cio P* “ae 
Table of Solid Measure. 
Cubic Inches. { Cubic Fect. 
1,72 
‘ Cubic Yard, 
46,656 27 1 
Local Measures of the Acre. Statute 


Sq. Yds, Acre. 
= 7,840 


1 Lancashire acre* contains 160 perches of 49 sq. yds. 
¢ 


1 Trish ” »» 160 45 49 55 
1 Cheshire ,, GS ittd LOO pe iis G4 yy 
1 Scotch ‘ > 10 sq-chains of 74 feet 


1 truss of straw 

1 truss of old hay 

1 truss of new hay to Sept. Ist. 
1 load of straw = 36 trusses 
1 load of old hay = 36 trusses = 18 ewt. 0 qr. 0 Ibs. 
1 load of new hay = 36 trusses = 19 ewt. 1 qr. 4 Ibs. 


Table of Dry or Corn Measure. 


Wheat and other cereals are commonly sold by weight, 
the bushel being thus reckoned :— 


1 bushel wheat (English) = 63 Ibs. (Foreign) = 62 Ibs. 
1 barley = = 52 to 56 Ibs. (French) = 523 Ibs. 
= 38 to 40 Ibs. 


” 


1 ,, oats Ai = 40 to 42 Ibs. (Foreign) 
1 ,, ryeormaize = 60 Ibs. 
Norr.— Grain of all kinds is frequently sold by the stone. 


* The Lancashire and Irish acres are commonly spoken of as equil 
to 1:619 statute acres, the actual measurement to five places of 
decimals being 1:61983. r 
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Table of Timber or Wood Measure, 


40 cubic feet rough, or 50 eubic feet squared = 1 load. 


50 feet planks = 1 load. 
100 superficial feet = 1 square of flooring. 


Width of battens 7 inches; of deals, 9 inches; planks, 
2 to 4 inches, and 10 or 11 inches wide. 


Hydraulic Memoranda. 
1 cubic foot of water = 6°23 gallons. 


1 gallon ” 10 Ibs. avoirdupois = 70,000 grains Troy. 
1 inch of rainfall 2 gallons per acre. 


Velocity and Discharge of Water in Pipes and Open Channels, 


V = velocity in fect per second. 
D = diameter of pipe in feet. 
A = area of channel. 


area of cross section 
wetted perimeter, = 
total fall 

total length. 

Q = discharge in gallons per minute. 


R = hydraulic mean depth = in pipes 2 


S = sine of inclination or 


(i) Velocity and Discharge in Pipes, 
V= 140 /RS—- 1 YRS 
Q=V x 293-7286 D? 
(ii) Velocity and Discharge in Open Channels, 
V=93 YRS 
OQ AN. 
Pressure in Pipes. 
H = head of water in feet. 


P = pressure in Ibs. per square inch. 
P = 0-433 H. 


Values of French Measures, 


1 métre = 39-37 inches. 
1 kilométre = 1093-62 yards. 
dhectare = 2471 acres. 
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Lengths, Areas, and Solid Contents. 


a 
I. Lhe Triangle. 
| Rute IL—Area = base multiplied by 
one-half the perpendicular; thus area 
of ABC =BC x 5 
i r = Rute II. (when the three sides of the 
triangle are given).—From half the sum 


of the three sides subtract each side separately ; multiply 
the half-sum and the three remainders together: the square 
root of the product will be the area. 

The area is always, where possible, computed by the first 


rule. 


IL. Vhe Syuare, 
RvL.—Area = product of any side multiplied by itself. 


III. The Rectangle. 
RULE.—Area = length multiplied by breadth, 


y P Iv. The Parallelogram. 


Rute.—Area = base multi- 
plied by perpendicular height ; 
thus area of parallelogram 
ABCD=BCx AE. 


¢ Vv. Lhe Trapeziun. d 
y Rue. — Divide the trapezium 
into two triangles, always taking 
the longest diagonal, and draw 
perpendiculars to this diagonal 
from the apex of each so-formed 
triangle. ‘Then area — half the 
product of the sum of the two 
perpendiculars multiplied by the diagonal ; thus, area of 
trapezium ABCD = AC x (BE+ D1] aE D E) 
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VIL The Trapezoid. 

RtuLE.—Area = one-half of the 
sum of the two parallel sides 
multiplied by the perpendicular 
slistanee between them; thus area 


of trapezoid A BC D AD ESE 
x BE. 
VII. Legulur Polygons, 
RuLk.— Area = half the number of sides multiplied 


by length of one side multiplied by radius of inscribed 
circle. 


A Table of Regular Polygons, 
with their names, areas, and radii of their circumscribing and 
dascribed circles, the sides of the polygons being unity. 


H i 
x, | Radius of Radius of 
Wo. of Names. | Areas. | Circumserib-| Inscribed 
fi eae: | ing Circle. | Cirele. 
| = 
| 8 | Teangle (equilateral) . O-s77 | 0-289 
4 | Square ie 0-707 =| (05 
5 | Pentagon . 0-851 0-688 
G6 | Hexagon . es se a ds 0-866 
| : Hiepiagon Pao er 1-152 2 88 
| ctagon dass am 1-306 207 
; 9 | Nonagon . sueniee | 1462 nate 
10, |"Decagon 2,5 = 4. = 1-618 “5: 
| iL TWdecaron i 1775 1°708 
| 12 | Duodecagon . -| 1-932 1:866 
L ! 


Given the side, to find the area from the Table. 


Ruie.—Square the side of the polygon and multiply it 
by the corresponding area in the Table. 


Given the area, to find the length of the side and the radius of 
the circumscribing circle. 

RuLr.—Divide the area of the proposed polygon by its 
corresponding area in the Table, and the square root of 
the result will be the length of its sides. Multiply the 
side just found by the corresponding radius in the column 
marked “ Radius of Circumscribing Circle,” and the result 

G 
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will be the radius of the circle that cireumseribes the 
required polygon. 


VIII. Irregular Polygons. 

D Rvte.—Divide the polygon into 
the most convenient trapeziums 
and triangles; find the area of 

E C each, and the sum of these areas 
will be the area of the polygon. * 

Thus area of ABCD E = area 

of triangle AED + area of tra- 


A B pezium DA BC, 

IX. The Circle. 

RvuLE—Circumference = diameter of circle multiplied 
by 31416. 


Ruve.—Length of any are = (nearly) one-third of differ- 
ence between eight times chord of half the are and the chord 
of the whole are. 

Nore.—Half the chord of the whole are, the chord of 
half the are, and the versed sine (or height), are sides of a 
right-angled triangle ; so that by Theorem viii, p. 6, any 
two of these being given the third can be found. 


Ruie.—Area of circle = diameter squared x ‘7854. 


Rue—Area of sector of circle = half the product of 
length of are multiplied by radius of sector. (See illustra- 
tion to Definition No. 26, p. 3, where area of sector CHF 


= length of are I E multiplied hy = 


RuLe.—Area of segment of circle = two-thirds of product 


D of chord and height of seg- 
ae ment added to the cube of the 
height divided by twice the 
A ree B chord. 
C Ds 


Thus area of segment ADB = } AB X CD + say 


' Nors.—If the segment is greater than a semicircle, find 
the area of the remaining segment and deduct from the 
whole éirele. 
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XK. The Ellipse (see Definition No. 37, page 5). 


RuLe.—Cireumference = mean of transverse and conju- 
gate diameters multiplied by 31416. 


RvuLE.—Area = product of transverse diameter multi- 
plied by conjugate diameter multiplied by ‘7854. 


XI. The Area of w Seyment of a Cirele, or any other curvi- 
lineal figure by equidistant offsets or ordinates. 


Rute.—If a straight lime AG be « 'e¢ defy 
divided into any number of equal parts, am 
AB, BC, CD, &e., and at the points of 
division perpendiculars or offsets be 
erected, A a, Bd, Ce, &e., to the curve 
wbedefg; then to the sum of the first a 
and last offsets, add four times the sum ABCDEFG 
of all the even offsets, and twice the sum of all the odd 
ofisets, not including the first and last ; multiply the sum by 
the common distance of the offsets, and one-third of the 
product will be the area, recollecting that the second, 
fourth, &c., are the even offsets, and the third, fifth, &c., 
ure the odd offsets. 

If any portion of the figure is not included by an even 
number of offsets, its area must be found separately and 
added to the area found by the rule. This rule is known 
as “ Simpson’s rule.” 


KIT. Solid Reclungulur Bodies. 


Ruiu.—Solidity = length, multiplied by breadth, multi. 
plied by height. 


IIL. Cylinders and Prisns. 
RuLe.—Solidity = area of base multiplied by perpen- 
dicular height, 


KIV. The Prismoid (see illustration to Definition 
No. 32). 


RULE FoR Souwwrry.—To the sum of the areas of the 
two ends add four times the area of a section parallel to 
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them and equidistant from each; multiply this sum by the 
perpendicular height and one-sixth of the product will oe 
the volume. 


XV. Sphere. 
RuLe.—Solidity = diameter * x 0°5236 
EVI. Irregular Solids. 


Rue ror Souprry.—Divide the figure into any even 
number of parallel and equidistant sections, Find the 
area of each section. Then add together the first area, 
twice the sum of all the other odd areas, and four times 
the sum of all the even areas. Multiply the sum by one- 
third of the length between each section. 


To find the Specific Gravity of a Substance. 


Let 7 = weight of body in air. 
Let vw = weight of body in water. 
. Wr 
RuLE—Specific gravity = jp, 
‘ If the substance be lighter than water sink it by means 
of a heavier substance and deduct the weight of the heavier 
substance. 


Estimation of Weight from Specific Gravity. 


Weight of a cubic footin Ibs. = specific gravity x 62-425, 


CHAPTER II. 
GENERAL PRINCIPLES OF SURVEYING. 


Surveying is defined in the “Imperial Dictionary” as 
follows :—* The act of determining the boundaries and area 
of a portion of the earth’s surface by means of measure- 
ments taken on the spot ; the art of determining the form, 
area, surface, contour, &c., of any portion of the earth’s 
surface, and delineating the same on a map or plan.” 


A Plan is defined by the same authority to be ‘ pro- 
perly the representation of anything drawn; a plane, as a 
map or chart. . . . . The term plan may be applied to the 
draught or representation of any projected work on paper, 
or on a plane surface, as the plan of a town or city.” 


Operations of the Surveyor.—In any survey, the 
fundamental principles are the same. There are three 
distinct operations :— 


(1) The taking of the measurements on the ground. 

(2) The protracting of such measurements on paper. 

(3) The ascertaining, from such protracted measure. 
ments, the areas or other specific objects for which such 
survey was made. 


In proportion to the range of the survey these operations 
vary in magnitude. 

In small surveys, simple instruments, simple drawings, and 
simple calculations only are required ; with the increasing 
scope of the survey, instruments adyanced to a higher stage 

: : 
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of accuracy, systems of working more elaborate, and calcu- 
lations more abstruse, become necessary. 

Measurements may be taken either by linear or angular 
instruments only, or by a combination of both. 

Whatever system of measurement is adopted, there is 
one rule imperative to all. These measurements must be 
shecked and their accuracy proved by means of other 
measurements, either linear or angular. Only in the case 
of offsets (explained hereafter) is anything to rest on a 
single measurement, and if gerat acenracy is required 
supplementary measurements in this case also must be 
taken. 


; CHAPTER IY. 
CHAIN SURVEYING. 


Chain Surveys.—Surveys of the simplest class are 
known as “chain surveys.” ‘This term, although not strictly 
acenrate, inasmuch as the chain is used to supplement the 
more complex system of measurements, is in general use to 
denote a survey made without the assistance of angular 
instruments, but sometimes also with simple instruments of 
that description—such as the prismatic compass, the box 


sextant, and the optical square. 


Gunter’s Chain.—This chain is said to have been in 
vented in 1620 by Edmund Gunter, Professor of Astronomy 
at Gresham College. The best chain is constructed of 
thick steel wire, but it can be had in iron wire. It is 66 
fect, or 4 poles, in length, and is divided into 100 parts of 
one link each, consequently equal to 48,ths of a foot, or 
7:92 inches. ‘These parts consist of a straight length and 
three oval rings, the meastement of one link being read 


i 
bess 


from the centre of the middle ring of the one part to 
the centre of the middle ring of the next part. The 
handles of the chain are of brass, and are connected by a 
swivel joint to the wire. The first link is measured from 
the extremity of the handle to the centre of the middle 
of the first three rings. 

The accompanying sketch will show the method of reading. 
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Atevery 10th link from each end of the chain is attached, 
by a steel ring, a brass counter; that at the 10th link is 
oval in shape, that at the 20th has two notches, that at the 
30th three notches, that at the 40th four notches; and the 
centre of the chain, or the 50th link, is distinguished by a 
circular counter. Hence any distance on the chain can be 
easily ascertained. 

The 25th link from each end is constructed differently 
from the other links, and has a swivel joint. These swivel 
joints are inserted to prevent the parts “kinking” or 
becoming twisted, and at the 25th link from each end to 
facilitate the reading of the chain. 

A set of ten steel pins (called arrows), 15 inches long, is 
supplied with the chain for marking the distances measured. 
The arrows should be sufficiently strong to enter 2 mac- 
adam road without bending, and it is better to procure 
what are known as spindle arrows. 


¢° The Chain of 100 feet.—This chain is divided into 100 
parts of one foot each, and the construction is identical with 
that of Gunter’s chain. _ 


Comparative Advantages of Gunter’s Chain and 
the Chain of 100 Feet.—For measuring distances on 
estate surveys, where the computation of acreage is one of 
the main objects, the Gunter’s chain is more convenient, as 
an acre contains 10 square chains, or 100,000 links, and the 
content, as ascertained in square chains and links, can he 
readily reduced to acres and decimals of an acre merely by 
dividing by 10, thus avoiding the more laborious calculations 
necessary for reducing superficial fect. 

In plans required by Parliament for statutory under- 
takings, when the distances are to be stated in miles and 
furlongs, Gunter’s chain is also the more convenient, from 
its being z's of a mile and 45 of a furlong. 

The chain of 100 feet is better adapted for surveying in 
towns, where widths of streets are required to be stated in 
feet and inches, and also when distances have to be taken 
in connection with levelling operations, as the measure- 
ments in this case, both vertical and horizontal, are set 
down in feet and fractions of a foot. 

In a given distance, also, the chain of 100 feet requires to 
be stretched less frequently than the Gunter’s chain, and 
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as there is in chain surveying, however carefully done, a 
certain inaccuracy in the measurement each time a chain 
length is measured, the inaccuracy in the total measure- 
ment will be the greater when Gunter’s chain is used. 


The Tape.—This is made of steel, or of linen painted and 
varnished. It can be had in various lengths, from 33 feet 
to 100 feet, but the tape of 66 feet in length is more com- 
monly in use. On one side the tape is divided into feet 
and inches, and on the other into poles and links. The 
steel tapes are of a standard measurement, at a temperature 
of 62° Fah., and are more reliable than the linen tapes, 
which stretch with use in dry weather and shrink after 
getting wet. A linen tape should be used with great care, 
and only in fine weather. The steel tape is very liable to 
twist during use, and consequently is very easily broken, 
and to be properly repaired has to be sent ‘to the maker, 
but with careful use it will last a long time. 


Poles are used to mark the commencement, interme- 
diate points in, and_end of the survey lines, and are made 
of yellow pine, shod at one end with wrought iron or steel, 
brought to a point. They are circular in section, and 1} 
inch in diameter, tapering at the top to Linch. The most 
convenient size is 8 feet in length, including the shoe. 
They are painted in alternate colours, black and white, or 
red and white, and preferably in lengths of 2 feet. 

Flags.—When the survey is large and the extremities 
of the lines at a considerable distance from each other, it is 
often extremely difficult to distinguish the outline of the 
poles. Small red and white flags are used for tieing to 
the poles in such a case, and, moving in the wind, render 
the desired point of view more easily discernible. 


The Offset Staff, uscd for the purpose of measuring 
offsets (see p. 37), is similar to a ranging pole, and usually 
10 links in length. Each link is painted white, with a black 
ring at the extremity of each link. Instead of the pointed 
shoe, the offset staff is sometimes supplied with a hook at 
the end. This, it is said, is for convenience in dragging the 
chain through a fence, though a result with more precision 
can be obtained by placing the ring next the handle of the 
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chain on the point of an ordinary ranging pole, and pushing 
it through the fence. In the author's opinion an offset 
staff specially constructed is not required, as in most cases 
a ranging rod, 8 feet long, painted as described in lengths 
of 2 feet (or 3 links nearly) is sufficient for taking offsets 
as accurately as desired. 


Comparison of Chains and Tapes with Standard 
Measurement.—Before commencing a survey the chains 
and tapes to be used should be compared with their standard 
meastwement, and, if the survey lasts more than one day, then 
this comparison should be made daily. This standard mea- 
surement can be obtained from a standard chain kept solely 
for this purpose; and it is also conveniently obtained by a 
surveyor setting out on the curb-stone of the footpath in front 
of his office the standard lengths of one chain of 66 fect and 
of a chain of 100 fect, placing notches in the stone at the 
extremities of such distances. In case the survey is at some 
considerable distance from the office, the surveyor, having 
ascertained that his chain is of standard measurement, 
should set out this length in the districts where the survey 
is being made, similarly to that in front of his office, 

In the event of producing measurements in a court of law 
this proceeding is imperative (see the Reports of the Com- 
missioners for the Restoration of Weights and Measures), 
as the chain is composed of parts not welded together, 
which sometimes open out after use, and sometimes become 
bent, as in passing through fences. In wet weather also 
the chain gets shorter by dirt accumulating between the 
rings. Should the’chain be too short as compared with the 
standard measurement, it will be found to arise from bent 
links, which should be hammered out straight ; and if it be 
found to he too long, one or two rings must be removed 
from the chain, Any such removal of rings must be 
effected equally on cach side of the centre of the chain, so 
that the fiftieth link may occupy its true position. 


Descriptive Symbols used in Surveying,—The fol- 
fowing are symbols commonly in use :— 
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ji i | \MALIALULAA 


Cutting. 


Wa 


Building. 


i 


Private Road (unfenced), 


Fence. 


Gate. 


Rail Fence. 


Wall. 


+8 oat 


7 ~T 


Highway. 


=. ee 


Pence (ditch shown by mark T). 


a a 
Plantation. 


Railway. 


oo 


Footpath. 


IORI 
eae EE? 


eee 
Perwscener TIS 
River or Watercourse. 
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The Field Book.—The sketches and measurements 
taken on the ground, when surveying, are entered at the 
time in a “ field book,” which should be paged for future 
reference. The page is usually 74 inches long and 4 inches 
wide. Two kinds of field books are in use among sur- 
veyors—one having one line down the centre of each page 
lengthwise, and the other having two lines distant apart 
about a quarter of an inch. 

The line (or, in the second case, lines) represents the 
chain-line as set out on the ground, and is reserved for 
distances measured on it, at which observations are made, 
such as points at which hedges are crossed, or offsets taken, 
stations noted, &c. On the spaces in the field book, right 
and left of this line, those offsets and any other necessary 
observations must be entered, according as they are situated 
on the right or the left of the chain-line. The first measure- 
ments are entered at the foot of the page, and the others 
follow in succession towards the top. 

The field book with one line for the chain-line is the 
more convenient, and is now in more general use. It gives 
more space for the sketching, and the marking of fen 
crossing the chain-line and the intersection of survey lines 
are less confusing and more easily drawn. 

In the field book with the double column, any fence 
meeting the chain-line at an angle must not be drawn 
across the column in the field book, but be drawn on one 
side of the column and start from it on the other side at 
a point precisely opposite, as if the chain-line were of the 
thickness of the column. 

The diagrams here given (on opposite page) represent the 
two methods of entering identical measurements in the 
field book, 

All sketching should be neatly done and be accurate and 
well proportioned, the lines being firmly drawn. 

Each survey line should be begun on a fresh page. In 
case it should be necessary to add or subtract any figures 
for the purpose of the survey—such as often occurs in ascer- 
taining the intersection of survey lines—the figures should 
be entered at the side of the page, and the work shown in 
full in the field book. 

Buildingsare usually surveyed by taking offsets (page 37) to 
the corners opposite the chain, and noting the points on the 
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chain at which the sides of the buildings, bounded by these 
points, would meet, if produced. .In the figure an offset of 
20 feet is taken from 60, and the side of the building 
produced would meet it in 61. In town surveying, how- 
ever, this method is not sufficiently accurate, and measure- 


Method el: Method ih2 


ments must be taken from two convenient points on the 
chain-line to the corner of the building, thus forming a small 
triangle. The production of the building on to the chain- 
line should be noted, as in the former case. 


Method of Chaining. — Two assistants, termed the 
“leader” and the “ follower” respectively, are required by 
the surveyor to perform the measurement. The leader 
takes the handle of the chain in his left hand, and the 
chain itself in his right, and throws it from him in the 
direction in which the measurement is to be taken. He 
then goes to the centre of the chain and sets straight any 
twisted links, and starts with the ten arrows in his left 
hand and one end of the chain in his right, along the 
required line, while the follower remains at the starting 
point, and looking at the poles in front of him that mark 
the line to be measured, directs the leader into line by signs 
with his left hand. The leader takes an arrow in his right 
hand, holding it perfectly vertical and low down, his hand 
being practically on the surface of the ground, to insure 
steadiness, places the arrow against the end of the chain, 
and, when in perfect alignment, is told hy the follower to 
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“mark,” and fixes it firmly in the ground, The chain must 
now lie so that offsets and other measurements can be taken 
from it. It should be examined as it lies, to see that no 
links are bent or twisted ; great care should be taken that 
the chain is perfectly straight and tightly stretched, that 
the arrow is coincident with the end of the chain, and is 
marked steadily. Inexperienced chainmen, when receiving 
the order to mark, often do so with a jerk, setting down 
the arrow a distance of one or two inches from its true 
position. The strictest accuracy is required when chaini 

When all measurements on the length of the first chain are 
taken, the leader proceeds a second chain’s leneth in the 
same direction, while the follower comes up to ‘the arrow 
first put down. A second arrow being now put down by 
the leader, the first is taken up by the follower; and the 
same operation is repeated till the leader has expended all 
his arrows. Ten chains, or 1,000 links having now been 
measured and noted in the field book, the follower returns 
the ten arrows to the leader, and the samo operation ig 
repeated as often as necessary, 

The arrows on being exchanged must always be counted, 
both by the leader and the follower, and this observation 
applies also to the commencement of the measurement, 
When the leader arrives at the end of the line, the number 
of arrows in the follower’s hand show the number of chains 
measured since the last exchange of arrows noted 


in the field book; and the number of links extend- 7000 
ing from the last arrow to the pole at the 600 
extremity of the line, being also added, give the 83 


entire measurement of the line. Thus, if the a 
arrows have been exchanged seven times, and if 7683 
the follower have six arrows, and from the 
arrow last put down to the end of the line be 83 links, the 
whole measurement will be 7,683 links, or 76 chains 83 links, 

In using the chain, care must be taken to compare it 
with the standard measurement, as previously pointed out, . 
as it will extend by use, and will therefore require to be 
shortened, but a good chain may be used for several days 
without any material extension. 

The chain is folded in four links at a time, viz, two on 
each side of the centre, at which point the folding is com-. 
menced. Mistakes occasionally arise in the reading of the 
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chain, owing to the brass counters being identical on each 
side of the centre, at their respective distances from it—the 
counter 40 being read for 60, or vice versd ; the counter 70 
for 30, and so on. It is always well, therefore, in reading a 
station to read the chain twice, identifying at the same time 
the position of the centre of the chain. 


Measuring Sloping Ground—The term “plan” has 
already been defined (p. 21). In other words, a plan is a 
horizontal representation of the features of the ground. All 
measurements must therefore be reduced to a horizontal 
plane. Any undulations of the ground can be shown on 
what is known as a “section,” which will be explained in the 
chapter on Levelling. A plan is, therefore, not the actual 
surface of the ground, but the diminished quantity that 
would result were the whole projected on a horizontal 
plane. In rising or falling ground the slope represents 
the hypotenuse of a right-angled triangle, and is conse- 
quently of greater Jength than another side of the triangle, 
viz., the horizontal distance. 

The sloping measurements can be reduced to horizontal 
hy calculation, based on the angle of the slope with tho 
horizon, which, in such a ease, would be observed with a 
clinometer, or other angular instrument. These caleula- 
tions are laborious, and as it seldom happens that the 
ground slopes in one angle with the horizon, each different 
angle of slope would have to be observed, and a separate 
calculation made for it. If the slope be not very steep, 
the horizontal measurement can be obtained, by holding up, 
horizontally, as nearly as can be judged by the eye, a 
part of the chain, say 25 links at atime, and allowing a 
pointed plummet to mark the measurement on the surface, 
this operation being continued until the undulating ground 
ig measured. This method is known as “stepping,” and is 
recommended as being generally sufficiently accurate for 
small surveys. The steeper the slope, the less the length 
that can be measured at each holding up of the chain. 

‘Another method is to make an allowance, at the time of 
measuring, for the slope according to the following table, 
the angle of slope being judged by the surveyor, and the 
arrow set back the number of links in the table correspond- 
ing to the particular angle of slope. 
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Table 


showing the reduction in links and decimals of a link 
upon 100 links for every half-deqree of inclination 
From 5° to 20° 30’, 


] ] 
| Angle. | Reduction.|, Angle. | Reduction. | 
| H | 
ace 

f 
re 0 }, 11° v| “8: 

30 | |! 30 

6 0 | i2 0 
30 | 30] 

7 20 | 18 0 

30 30 

8 0 uw 0 

30 | | 30 

9 0} 115 0 
30 30 | 
10 0 | 
30 | 
| 


By this Table the trouble of computation is avoided, only 
the distance measured on each rise or fall requiring to be 
multiplied by the reduction in chains corresponding to 
the angle of each rise or fall; and the product, subtracted 
from that distamce, will give the correct distance. 


Example. —A line was measured 12-43 chains, on 
ground having a rise of 83. degrees ; required the horizontal 


Jength of the line. 
Here to 83°, or 8° 30’, corresponds the reduction 1:10 


links, whence 


12°43 Whence 12°45 Fes 
1:10 13-673 5 
13-6730 links 12:29°327 horizontal distance, 


in which the decimal, being less than half a link, is rejected ; 


thus making the correct horizontal distance 12°29 chains, 
or 1,229 links. 


To Erect 2 Perpendicular with the Chain.—Let 
aB be a chain-line, and AB the extended chain, It is 
required to erect a perpendicular to aBat B, Fix the 
end of the chain to the ground with an arrow at B: fix also 


,_or 
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the 80th link of the chain, reckoning from B, ati, 40 links 
from B; 80 links of the chain now lying slack between B 
and m. Take 
hold of the 30th 
link of the chain 
from B, and ex- 
tend it till it i 
takes the posi- 50 sy 
tion Brim, the 
portions B 7, mx 
of the chain a A m 40 B 
being pulled 
tight ; then shall Bu be perpendiculz to the chain-line 
a B, and may be extended to any length required, This 
method is easily remembered from the fact of the sides of 
the triangle being multiples of the figures 3, 4, and 5. 


To Measure a Line impeded by an Object not 
obstructing the Sight.—Let A b 
be a chain-line, the direct measure- 
ment of which is prevented by the 
unforeseen obstruction of a pond, P. 

Measure A x till it reach to, or 
near to the edge of the pond, and 
fasten. the ends of the chain to the 
ground with arrows at m and x, the distance m2 being 
made half a chain or 50 links. Take hold of the middle of 
the chain, and extend it firmly, till its two halves rest in 
the positions mo, on; thus making an equilateral triangle 
ino, each side of which is 50 links. In the direction i 0, 
measure to nearly opposite the middle of the pond, as to y. 
Again, make pq equal 50 links, fasten the ends of the chain 
at p and q, and extend its middle point to 7, as before. Tn 
the direction q7, measure to s, tillgs be equal to mq. Then 
¢ will be in the line A: B, and s+ will be equal to m q or 


® Since the parts Bx, x m of the chain are together 80 links, of which 
Bn is 30, the remainder » m is therefore 50; also Bm was made 40; 
whence 40? + 30? = 50%, that is m B? + B® = m x*, therefore by 
Bue. L 47, Bn is perpendicular to B m, or m Ba isa right angle. 

+ Because the triangles mno, pg, are both equilateral, the angles 
at mand q are each 60° or one-third of two right angles ; whence by 
‘Theorem IV. the angle at s is also 60°; therefore all angles of the 
triangle, and consequently its sides, are equal, that is,» g—=qs=ms, 


Da 
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gs, which being added to A m will give the distance A s. 
Ofisets being taken to the margin of the pond, diving the 
measurement of the lines i q, 7 s, the measurement from s to 
B may be continued. 


To Measure a Line impeded by an Object ob- 
structing the Sight, as a Building.—Let A B be a 
chain-line, the measurement of which is prevented by the 
building C, but on which points can be set out in line with 
B as far as the side of 
the building nearest A. 

At m, 4 or 5 chains 
from the building, take 
a perpendicular mn, of 
such a length that the 
line xs may clear the building B. At or near the building 
take another perpendicular py, exactly equal tom” (these 
perpendiculars ought to be measured with the chain or tape), 
and poles being put up, truly vertical at 2 and g, measure 
qsuin the direction ng of the poles, taking offsets to the 
building till it be cleared at s. Now on the line gw, at 
the distance su, at or about equal to mp, erect the per- 
pendiculars s7, 71, each exactly equal to mn or pg, fixing 
poles, truly vertical, at + and ¢, These poles are in the 
true direction A B, and the measurement of the line may 
now be continued from + to B, after adding the distance qs 

(which is equal to pr) to Ap. 

8 If the building or other object only 
protrude a few links over the line, the 
perpendiculars mn, py, 87, &¢., may 
be erected by the offset-staff, as nearly 
correct as can be judged by the eye, 
and the results should be sufticiently 
accurate. 


To find the Width of a River 
which is too wide to be measured 
across with the Chain.—Let AB be 
the chain line crossing a river, situated 
between o and p, two points on the 
chain line and near the river on oppo- 
site sides. A pole being fixed at p, on AB lay offon, nm, 
each equal 50 links, and.with the ends of the chain sue- 
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cessively fixed at 6,7, and at n,m, lay down the equilateral 
triangles 07”, nvm, as previously shown, poles being 
fixed at 7,g, and 7. In the two directions pg, n7, fix a 
pole at s, and measure the distance 7s accurately with the 
tape to one-eighth of a link. Then by the similar triangles 
srg, Qop, we shall have rs : qr i: 0g: op. 

But ¢7 = 0g =o0n = 50 links, therefore, 7s : on :: 
on : op; therefore 


07 == . 
f TS 


And 7s having been carefully measured the distance 0 p 
becomes known, 

RuLE.—Divide 2500 by the distance 7 s, and the quotient 
will be the breadth of the river, or the distance op, which 
must be added to A o to give the distance A p. 

Bxample.—Required the breadth of a river by this method, 
when 7 s measures 15 links. 
2500 


ip = 1663 links. 


Answer = 


Theory of Triangulation.—The definition of “ triangu- 
lation,” according to the ‘Imperial Dictionary,” is “the act 
of triangulating, the reduction of the surface of an area to 
triangles, for purposes of a trigonometrical survey.” Tri- 
angulation i8 also the primary principle of chain surveying. 

In a trigonometrical survey, one side of a triangle is 

measured, and the angles included between this side and 
the other sides of the triangle observed. The length of 
these sides can then be computed by trigonometry. In 
a chain survey the three sides are measured. In both 
cases, from these data the triangle can be laid down on 
paper The principle is enunciated in Euclid, I. 7 (see 
Theorem I., page 5), which sets forth that “upon the 
game base and on the same side of it, there cannot be two 
triangles that have their sides which are terminated at one 
extremity of the base equal to one another, and likewise 
those which are terminated at the other extremity equal to 
one another.” From this it will be seen that, the sides 
being constant, the form and position of the triangle are 
‘fixed and unalterable. 
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Practical Application of Triangulation. Survey 
Lines. Base Line.—The area to be measured is included 
within an imaginary triangle, or a series of imaginary tri- 
angles. The lines forming the sides of the triangle or 
ariangles are measured with the chain, and, as well as others 
so measured, are known as “survey lines.” All survey 
lines should pass as near the objects or boundaries of the 
area to be surveyed as practicable, so as to avoid the usc of 
long offsets, and so as to include the whole, or as much as 
possible, within one large triangle or a system of large 


triangles. ‘The base of the triangle, or of the main system 
of triangles, should be arranged to extend throughout the 


whole length of the survey, wherever circumstances will 
allow it. This line (or base) is called the “base line. 

Care should be taken in setting out the triangles to form, 
so far as the nature of the ground will admit, well-condi- 
tioned triangles—that is, not having very acute or obtuse 
angles, and the sides consequently not very unequal. The 
nearer to the equilateral form the better the triangle, and, 
in the case of an error of ‘measurement in one of the sides, 


the less the alteration of the figure of the triangle from 
the true form, 


Check Tines,—The skeleton lines of the survey having 
been measured, it is necessary to prove their accuracy 
by means of further measured lines, termed “check” or 
“tie” lines, and this is best attained by lines measured 
from the apex to the base 
of each triangle. These 
lines should, if possible, 
form an angle with the 
base of from 60° to 90°. 

Where lines from the 
apex are not available, 
owing to the nature of 
the ground, the triangle 
may be checked by lines 
measured across the ad- 
jacent sides of any two 
angles as the lines DE and esta , 
FGin the triangle ABC. B E. G Ke 


Filling in, Offsets,—The fences, surface details, and 
features of the ground included within the skeleton of the 
survey, are measured from “offsets” on lines run within the 
interior of the triangles known as filling in lines. An offset 
is the distance measured at right angles from the chain to 
the point which it is desired to réproduce. 3 

As stated above, the survey lines should be so arranged 
that the offsets may be as short as possible. Generally 
speaking, a limit of 20 to 30 links should not be exceeded, 
except for plans to be drawn to a small scale, such as six 
chains to the inch, On the Ordnance Survey the offsets 
were limited to 20 links for the syy5 map, or map of 25:344 
inches to the statute mile, and to 80 links for the rodeo 
map, or map of six inches to the mile. 

The main filling-in lines should be run between fixed 
yoints on two of the skeleton lines of the survey, and 
all filling-in lines must be self-checking when laid down on 

aper. ‘The check lines can often conveniently be set out 


as filling-in lines. 


- _ Diagrams to illustrate Triangulation.—In the dia. 
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gram on page 36, the survey lines are shown by dotted 
lines ; and to make the matter more easily intelligible, the 
base line, main lines (or lines for triangulation), and cheek 
lines only, are numbered, although in practice the filling-in 
lines would also be numbered, [twill be noticed that lines 
2, 3,4, and 5 pass for some portion of their length into 
lands adjoining that which it is required to survey. 

The base line is measured from A to B, line 2 from B to 
C, and line 3 from C to A. This completes the first triangle, 
which, however, is not yet checked. Line 4 is measured 
from A to D, and line 5'from D to B. This completes the 
whole of the triangulation. A check line is now measured 
from D to C, crossing the base line in E, verifying the two 
triangles, It will be seen that the lines m7, 7s ave pro- 
longed beyond the system of main lines to survey the part 
on the right of line 2. It happens on occasions that the 
Shape of the ground is such as to prohibit, without exces- 
sive labour, the whole area being included within one or 
more triangles. In such cases the lines must be run between 
points determined by triangulation, and the framework 
will then probably consist of a combination of triangles and 
trapeziums, . 

The system of main lines adopted by the author in 
the survey of the parish of Woolbeding, in the county of 
Sussex. was the following, the base line AB being about 


See oe 


I~ 


five miles in length. In this figure the interior fences and 
secondary lines of the survey are not drawn, as their great 
number would confuse the student; the author's object 
heing to present a proper system of fundamental lines for 
the survey in question. : 
The parish of Lodsworth, in the same county, presents 


—_— 
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another variety of shape. 
The base line A B (see figure 
below) was nearly seven 
miles in length. 


Inspection of Ground. 
Setting Out.—In order to 
ascertain the best position 
and obtain a clear course, 
as free from obstacles as 
possible for the survey 
lines, it is first necessary to 
walk over and examine the 
ground, If the survey is 
large, a tracing from the 6” 
or 25" Ordnance Map will 
be useful, on which to mark 
the intended survey lines. 
In the event of no tracing 
from an existing map being 
available, the surveyor 
should make a rough sketch 
of the area, and mark his 

\lines on it. Conspicuous 
objects, as, for instance, the 
corner of a church tower, 
on which lines can be 
directed if required, should 
be noted, and all lines 
should be ranged out per- 
fectly straight, the poles 


being set up exactly per- F 


pendicular, Should the 
lines be of considerable 
length, they may be set 
out by means of a field- 
glass, care being taken that 
the axis of the instrument 
is in true alignment. 


Stations. Pegs.—The 
commencement of a survey 
line, its junction with 


Sse. 


weg 


Be 


Bree ee 
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another line, and any other points the surveyor may desire 
to fix on the chain line on the ground, are known as 
“stations,” and are conventionally shown in the field book 
by an oval sign surrounding the measurement, thus ( ‘ 
A peg should be placed at cach station, and in case a pole 
is required at the station, it must be set up behind the peg. 
The peg should on no account be removed. Pegs may 
conveniently be 15" long, 14” square, and sharpened at one 
end, They should be driven into the ground so that the 
top of the peg may be about 1} inches above it. 


General Observations.—When a survey is made for 
a finished plan, all buildings, roads, rivers, ponds, foot- 
-paths, gates, fences, and the like, should be noted down. All 
survey lines should be numbered consecutively, the base 
line being line 1 where possible, and the direction of the 
north with reference to it should be taken with a pocket 
compass, and noted in the field book. When all the lines 
forming the skeleton of the survey, and the tie lines, have 
been measured, they should be plotted on paper, in order 
that their accuracy may be checked, before the filling-in 
lines are proceeded with. : 

On an extensive survey, more than one surveyor with his 
assistants can with advantage be employed, each surveyor 
taking a separate portion of the triangulation, and being 
furnished by the chief surveyor with a copy of his field 
book relating to the main lines on which the particular 


portion abuts. 


Boundaries.—The boundary of the estate measured, 
ought to be carefully observed, and enquiry made with 
respect to it, as ‘custom varies in different parts of the 
country. 

All measurements should be taken to the centre of the 
roots or “quicks” of the fence, and an allowance made for 
the ditch when estimating the area. In some parts of the 
country an allowance is made of 44 links (or 3 feet), and 
in others of 6 links. r 

The following illustrations show the cases of boundaries 
commonly met with. . 7 

In the first illustration A’s boundary is the distance 
allowed by custom, 3 feet in this particular part of the 
country (Lancashire), from the centre of the quicks to 


as 


= r=. | a 
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include the ditch, the soil from the ditch being excavated to 
form a “cop” or bank on which to plant the thorns, In 


the other illustrations the boundary is the centre of the 


quicks. 
On an estate plan the fences belonging to the estate are 
usually marked thus —____T____, the mark T indicating 


the position of the ditch. 


Simple Surveys.—In the examples given below, a field ,, p 4, 
book with two columns for the chain-line is used, as examin- ~* ‘ 
ation questions are often stated in that way. In ordinary 
practice the field book with one line is more useful, as 
explained on page 28. For the same reason the long off- 
sets appearing in some of the examples are inserted, 
although in practice, as already stated, they should not 
exceed 30 links, except for plans drawn to a small scale. 


I. Zriangular fields—When a triangular field is to be 
surveyed, set up poles at each corner, and measure lines 
near each side, taking the offsets and leaving stations in at 
least tivo. of the lines. Enter their distanees in the field 
hook, and measure the distance between the two stations for 
a proof-line. Where no obstacle to prevent direct measure- 
ment intervenes, one only may be left in one of the lines, 
which may be connected with its opposite angle for a proof- 

line, as the line C D, 


Example.—Required the plan of a field from the follow- 
ing dimensions ae : 
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Proof} 384 | line 
From} Om | 


When the triangle A B C is 
constructed, the proof-line mn 
will be found to measure 384 
links, if there has been no 
error in the work: but_ if 
when measured from the plan 
it does not exactly, or within 
the limit of 1 link, agree with Om! 600 | 
that measured in the field, Vrom; © A ‘| range E. 
some error has been made, and a 
the work must be repeated. 


II. Four-sided fields. —When ao field has four sides 
measure lines near them, taking the offsets ; also measure 
both the diagonals, one of which will serve as a base in 
plotting the work, and the other for a proof-line; or the 
proof-line may be measured in any other direction that 
may be most convenient. - 

Sometimes the measurement of both the diagonals is 
prevented by obstructions, In such cases it will be sufficient 
to measure tie-lines across two of the angles of the trape- 
zium, at the distance of from two to five chains from each 
angle, according to the size of the field. These tie-lines, 
with their distances from the angles on the main lines, will 
be found sufficient for planning the lines and proving them 
in small fields. But when the main lines that include the | 
chief part of the ground to be measured are of considerable 
length, as from 30 to 40 chains, it will be necessary to take 
the tie-lines at least 10 chains from the angles, across which 
they are measured ; for a small error, in laying down the 
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plan with short tie-lines, will cause the main lines to devi- 
ate considerably from their true position when prolonged. 
However, it sometimes happens that long tie-lines cannot» 
be obtained, in consequence of obstructions. In such cases 
the tie-line must be carefully measured to even one-fourth 
of a link; the distance of each tie-line from its angle and 
the tie-line itself must then be all multiplied by four, thus 
throwing fractions out of the question, and with the three 
lines, thus increased, the triangle determining the position 
of an angle of the trapezium may be accurately constructed. 
The proof-line and its distances from its angle must be 
similarly treated, that the accuracy of the work may be 
fully established. 


Ewample 1.—In the annexed 
figure the lines AB, BC, CD, 
TD) A are measured, stations be 
ing left at p, g and 7, and their 
respective distances on the lines 
noted in the field book, thus 
furnishing the following method 
of laying down the plan. 

On AB, as a base, take Ap 
= given distance, and with the 
distances Av, p7, and centres 
A and p describe ares cutting in 
#; then prolong A 7, and lay off 
thereon the given length A D. 
In the same manner construct 
the triangle p Bq, and make BC =its given length. lastly, 
‘oin DC, which must be of the length shown in the field 
book, otherwise there has been some mistake, either in the 
measurement or in laying it down. Should this he the case, 
the whole of the work, firstly on the plan, and secondly in 
the field, must be gone over again till the error be dis- 


covered. 


Example 2.—Required the plan of a straight-sided field 
from the following dimensions :— 
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IIL. Fields having more than four sides.—Various methods 
will suggest themselves to the surveyor for taking lines 
to lay down a field that requires more than four main 
lines to take its boundary. A few methods only of surveying 
fields of this kind will, therefore, be presented ; although 
their variety of shape is such that no general rule can 
be given for laying out, on the ground, lines that will 
give an accurate plan, 

Example 1.—Here 
a field of five sides 
is surveyed by the 
same number of lines, 
viz, AB, BC, CD, 
Dm, and A 2, the last 
two intersecting in E, 
These lines evidently 
\ constitute a decisive 

proof among them- 
selves, and all of them 
are available in tak- 
ing the boundary. 
“Tn surveying this field (poles being fixed at A BCD 
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and E), commence close to the river's edge, in the line AB 
prolonged hackwards, enter the offsets and the station A in 
the field book. On arriving at © m, in the direction E D, 
enter its distance, and so on to © B, measuring the line to 
the fence ; from B proceed to C, in like manner, measuring 
beyond the station to the fence. The place of the On i 
to be noted, on arriving in the direction E A, while measur- 
ing CD. D mis next measured, the place of the @ E 
being noted. Lastly, measure A 7; entering the place of 
the © Ea second time, all the offsets being supposed to be 
taken during the operation, 

Construction of the plan—Select the distances A m, AE 
and Em from the field book, and with them construct the 
triangle A m E, prolong the sides to their entire lengths, 
up to the boundaries, and fix the places of the stations B 
nid D. Now, if the measured length of Dn just fits be- 

- twoon Dand n, the work is right with respect to the triangles 
AEm, EDx. Lastly, prolong Dn to the © G, and if the 
distance from thence to the © B be the same as shown by 
the field book, the whole of the work is right. But if, the 
distance D 7 does not agree, the work must be examined 
from the beginning ; if only the distance BO fails, then 
only that distance and the portions m B, C n necd be ex 
amined. 


Example 2.—In the annexed figure, A m Da B CE isa 
seven-sided field (or, rather, is resolvable into a seven-sided 
field for surveying); 4 CG 
one of the sides CE ~ 
is straight, and the 
fence Am D x Bis too 
much bent to be taken 
by one line crossing 
and recrossing it with 
ofiscts taken to the 
right and left. ‘The 
lines here required ave 
only six, viz, EC, 
AB, BC, CD, DE, and E A, which may be measured con- 
secutively. ‘The stations mand x in AB, being carefully 
noted in the field book, give at once the means of laying 
down the plan, and proving its accuracy. To plot the work, 
lay down the line A B; the triangle mnD should be then 


46 LAND AND ENGINEERING SURVEYING, 


laid down, and its sides D m, D x, prolonged to the stations 
C and E, from whence the lines C B, EA, must respectively 
reach the points B and C, and the line C E equal the mea- 
Sured distance to confirm the accuracy of the work. This 
done, the offsets on the several lines may be laid off, through 
which the fences are to be drawn. 


Example 3.—This figure comprises two fields by the side 
of a river ; each field, for the purposes of swveying, may 
be considered « five-sided field. ‘lhe five lines AB, BC, 
Cm, n, and E A, are found amply sufficient to accomplish 


an accurate survey, in consequence of the three fences 
terminating at the river being straight ; their positions are 
determined by the intersections of the surveying lines, the 
middle fence by three intersections, and the two end fences 
by two intersections and one offset each, thus proving tho 
accuracy of their positions. The two main triangles of the 
survey, viz, An, mBC, mutually prove one another by 
the intersection at the station D. . 

In laying down the figure, the largest triangles ought to 
be laid down first, and the accuracy .of the plan will be 
shown by the agreement of the © D with the proper inter- 
section of the lines C m, Ex. 
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To Survey a Small Estate, divided internally by 
Straight Fences.—A small estate, of a form nearly tri- 
angular, is divided into six fields by four straight fences, 
as shown on the annexed plan. 

The survey is commenced at A, by measuring the line A D, 
taking the offsets, and leaving stations at the crossing of 
these fences at Band G. The line D E is now measured, also 
crossing two of the straight fences. From the © E the line 
B A is measured, Jeaving stations at the hedge-crossings 
F and G; thus completing the triangle ADE. Next, the 


line BG is measured, close to the straight fence BG, and 
crossing the straight fence « 0. ; , 
Lastly, the line F © is measured, again crossing the 
straight fences @ bd and co: a station being left at m, 
about a chain’s distance from 0, and one chain measured 
close by the fence o¢ to 2, and from thence to 10) m: thus 
completing the survey. The position of the straight: fence 
ab is proved to be correct by the crossing of three of the 
lines of the survey, viz. BG, F C, and DE; the crossings 
made by these three lines on @ }, must be in a straight line 
on the plan, otherwise there has been an error in the field 
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notes, The straight fence o ¢ has only two crossings by the 
survey lines F C, D E, its position is, therefore, not duly 
proved to be correct without the tie-line mm, measured in 
the manner already stated. 

Thus the strvey of six fields may be made, and _ its 
accuracy proved, by five lines with two short tie lines 
and x0, which may be regarded as mere offsets. 


Woods, Lakes, and Swamps.—When woods, lakes, and 
swamps are required to be surveyed a system of lines must: 
Je adopted for each case, so combined by triangulation as to 
prove their aceuracy when laid down on paper. If the wood 
or other inaccessible space (as faras measuring is concerned) 
be either triangular or very nearly so in shape, the three 
sides of a triangle will compass it, which may be proved by 
tie-lines at its corners, if the wood or lake will admit them 
of sufficient length ; but if not, any two of the sides of the 
triangle may be prolonged for this purpose, offsets being 
taken to the boundary of the wood or Jake in the usual way. 


Example 1.—Vere the three sides of the triangle A BC 
enclose a lake or large pond, offsets being taken therefrom 
to the margin of the water. The accuracy of the work is 
proved by the tie-lines py q and 7 s, or, if these lines he too 


short, the sides AB, C B may be prolonged to i and 2, 
till B m, Ba, each equal about one-third of A.B, and the 
tie-line, m ”, being measured, as well as the line 7 s, will 


prove the accuracy of the work. 


Example 2,—The annexed figure shows the survey of a 


svood, Which is effected by the four main Ines AB, BC, 
: BE 
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CD, DA, the first line being prolonged to p, and stations 
being left at m, , and g for the tie-lines m 7, pq. 


D 


It scarcely aeed be added that when the lmes AB, A D, 
B ©, are laid down by the help of the two tie-lines, the 
line CD will exactly fit in, if the work has been accurately 


done. 

Brample 3.—Required the plan of a wood from the 
following field notes, two of the fences of the woed being 
straight. 


To Op | ToOA 
1175 0 812 
Oc 0 825 OD 
28 600 == 
0} 500 | @n491 i 
0| <i il toOm | 100 {© 4 550 
20 150 Return) to@c | to Op 
52} 25 —— 
0 000 
Return | to © B 
toOm 
900 
OB 0 600 
25 500 
0 425 
0 300 
50 200 
40 25 
0 000 


From | © A | go. 


CHAIN SURVEYING. 51 


As a general rule for surveying woods and lakes, the 
following may be given :—Measure as many lines round the 
boundary to be surveyed as will surround it, and tie all the 
angles, except the two last, as in the preceding examples. 
There will thus be obtained a system of lines that will prove 
among themselves, as the last measured side will just reach 
from the last station to the first, if the work has been done 
with accuracy, 

The outlines of woods, &e., are so various, however, that 
it would not be advisable in every case to adhere to this 
method; much must, therefore, be left to the skill of the 
surveyor. 

In the southern counties of England, for instance, where 
coppice wood is sold by the acre for fuel, it is very 
frequently required to survey a portion of a wood (the 
coppice being cut down, and the large timber still standing). 
In such cases, the lines must be taken within the space to 
be surveyed (as the adjoining uncut coppice prevents their 
being taken outside), and be ranged among the growing 
timber as well as they can, and the tie-lines taken through 
the most convenient openings left by the trees. 

Surveys of this kind are called traverse surveys, and (it 
may be proper to add) are best performed with the help of 
the prismatic compass, or the box sextant, which—these 
surveys being always of small extent—are sufficiently ac- 
eurate for the purpose. 


Survey of the Grange Estate.—The plan (Plate I.) 
and a copy of the field hook (Plate II.) relating to this 
estate are given in the appended plates. 

It will be scen that the three angles of each of the 
triangles ACB, GT'E, are given. ‘This is not strictly 
necessary, as the sides of the triangles were all measured, 
but the angles were taken by the author when surveying 
this estate for the purposes of the preliminary work re- 
quired for the examination of the Institution of Surveyors. 
Some of the minor filling-in lines have been omitted, and 
it will be noticed that in the plan all the fences appear as 
thorn fences, although some were rail fences and are shown 
as such in the field book. This has been done to render 
the plan more simple. 

Generally, it will be, seen that the survey consists 
of the skeleton triangles A C Band GFE, The first 
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named triangle is checked by line (4) and is also checked 
by part of line (8), the second by lines (7) and (8). The 
triangle G FE will be seen to be well conditioned, whilst 
the figure of the other is not as uniform. 

Beginning at point A, line (1) was first carefully measured 
to B, pegs being left at all stations. Lines (2) and (3) and 
the check line (4) were then done, and this work plotted in 
the office before proceeding further. The lines (5) (6) (7) 
and (8) were then measured, and plotted as before. Their 
measurements being found to be correct, the filling-in lines 
were measured. The angles were taken at the completion 
of the linear measurements. The copy of the field Ss0k 
will render the system of taking and booking measurements 
easily intelligible, 
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named triangle is checked by line (4) and is also checked. 
by part of line (8), the second by lines (7) and (8). The 
triangle G F EF will be seen to be well conditioned, whilst 
the figure of the other is not as uniform. _ : 
Beginning at point A, line (1) was first coal measured 
to B, pegs being left at all stations. Lines (2) and (3) and 
the check line (4) were then done, and this work plotted in 
the office before proceeding further. The lines (5) (6) (7) 
and (8) were then measured, and plotted as before. _ Their 
measurements being found to be correct, the filling-in Ines 
were measured. The angles were taken at the completion 
of the linear measurements. The copy of the field bs0k 


will render the system of taking and booking measurements 
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_ CHAPTER V. 
INSTRUMENTS FOR ANGULAR MEASUREMENT. 


Magnetic Variation of Declination of the Com- 
pass.—The angles with the prismatic compass, and also in 
_one method of using the theodolite, are, as will be shown 
hereafter, observed with reference to the magnetic meridian, 
as indicated by the needle of the compass. : 

The needle does not point to the true meridian or geogra- 
phical North, owing to terrestrial magnetism, but forms an 
angle with it, known as the magnetic declination, or variation 
of the compass. 

This angle varies according to locality, as well as daily and 
yearly. In 1580 the angle was 11°15’ E., in 1657 0°, in 
1818 it was 24° 38’ W., and at the present time (December, 
1897) the mean magnetic variation is, as supplied by the 
courtesy of the Astronomer Royal, 16° 44’ W. 

Since this variation will afféct equally, or nearly so, all 
azimuths observed within a limited extent and during a 
limited time, the angles subtended by any two of the 
objects observed, being the difference of their azimuths, 
will not be affected by the variation ; and hence 
the map or plan may be constructed with all 
the objects in their proper relative positions, 
but the true meridian must first be laid down 
on the map, if required, by making allowance 
for the variation. 


The Cross-staff.—The cross-staff can be had 
in more than one form, but it is commonly 
made of brass, octagonal in section, with a socket 
for fastening on to a staff to fix in the ground. 
Six of the faces have a sight-slit sawn in them, and two 
have an opening with a vertical hair, The illustration will 
make the instrument easily intelligible, 
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This instrument is used (though only rarely) for setting 
out right angles on the ground, and it will be seen that 
angles of 45° can also be set out with it. It is at the best 
unreliable, owing to the line of sight available being short. 
Its use has now been practically superseded by the optical 
square described below. 


The Optical Square.—For the purpose of measuring 
long perpendiculars this instrument is now very generally 
used. It consists of a small circular box 


containing two mirrors fixed permanently at 

2 nas) an angle of 45° to each other, so that any 

Ce! two objects seen in it, the one by direct 

~ vision and the other by reflection, swhtend 

at the place of the observer an angle of 90°, 

* To ascertain the point on the chain-line, at which a line 
from an object right or left will be perpendicular to it, the 
observer looking through the instrument in a direct line 
towards the pole or station in front of him, walks along the 


chain until the image of the pole or flag set up at the 
object from which the perpendicular is desired appears to 


. be coincident with the forward object. Thisis the point at 


which a line from the object will be perpendicular to the 
chain-line. Tf it is desired to set up a perpendicular from a 
given point on the chain-line, the observer, looking towards 
the forward station, as before, directs his assistant right ov 
left until the pole of the assistant appears coincident with 
the forward station, 


The Prismatic Compass.—With this instrument hovri- 
zontal angles can be observed with great rapidity, and, when 
used with a tripod stand, with a considerable degree of 
accuracy ; it is, therefore, a useful instrument for filling in 
the details of an extensive survey, after the principal points 
nave been laid down by means of observations, made with 
the theodolite, hereafter to be described. It was used for 
this purpose by the Ordnance surveyors. ’ 4 

C is a compass card, divided usually to every 20’, or third- 
part of a degree, and having attached to its under side a 
magnetic needle; nis a spring, which, being touched by 
the finger, acts upon the card and checks its vibrations, so as 
to bring it sooner to rest, when making an observation, S 
is the sight-vane, haying a fine thread stretched along its 
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opening, which is to cut the point to be observed by the 
instrument. The sight-vane is mounted upon a hinge- 
joint, so that it can be turned down flat in the box when 
not in use. P is the prism, attached to a plate sliding ina 
socket, and thus admitting of being raised or lowered at 
pleasure, and also supplied with a hinge-joint, so that it 
can also be turned down into the box when not in use. In 
the plate to which the prism is attached, and which projects 
beyond the prism, is a narrow slit, forming the sight 
through which the vision is directed when making an obser- 
vation. On looking through the slit, and raising or lowering 
the prism in its socket, distinct vision of the divisions on 
the compass card, immediately under the sight-vane, is soon 


obtained; and these divisions, seen through the prism, all 
appear, as each is successively brought into coincidence with 
the thread of the sight-vane by turning the instrument 
round, as continuations of the thread, which is seen dis- 
tinetly through the part of the slit that projects beyond the 
prism. 

The method of using the instrument is as follows :—the 
sight-vane §, and the prism P, being turned up on their 
hinge-joints, as represented in the figure, hold the instru- 
ment as nearly in a horizontal position as you can judge, or, 
if a tripod stand be used, set it as nearly as you can ina 
horizontal position by moving the legs of the stand, that 
thence the card may play freely. Raise the prism in its 
socket till the divisions on the card are seen distinctly 
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through it, and, turning the instrument round, until the 
object to be observed is seen through the portion of the 
slit projecting beyond the prism, in exact coincidence with 
the thread of the sight-vane, bring the card to rest by 
touching the spring »; and then the reading at the division 
upon the card, which appears in coincidence witly the pro- 
longation of the thread, gives the magnetic azimuth or bear- 
ing of the object observed, or the angle which a straight 
line, drawn from the eye to the object, makes with the 
magnetic meridian. The magnetic azimuth of a second 
object being obtained in the same manner, the difference 
between these two azimuths is the angle subtended by the 
objects at the place of the eye, and is quite independent of 
the error in the azimuths, arising from the slit in the prism 
not being diametrically opposite to the thread of the sight- 
vane. As the reading is made on the side of the card 
nearest the prism, the figures on the card are eneraved from 
right to left. 

For the purpose of taking the bearings of objects much 
above or below the level of the observer, a mirror Ris 
supplied with the instrament, which slides on and off the 
sight-vane §, with sufficient friction to remain at any part 
of the vane that may be desired. It can be put with its 
face either upwards or downwards, so as to reflect the 
images of objects above or below the horizontal plane of the 
eye of the observer. If the instrument be used for obtain- 
ing the magnetic azimuth of the sun, the dark glasses D 
must be interposed between the sun’s image and the eye. 

There is also an arrangement not shown in the figure, by 
touching which a little lever is raised and the card thrown 
off its centre ; as it always should be, when not in use, as 
the constant playing of the needle would wear the fine 
agate point, on which it is balanced, and the sensibility of 
the instrument would be thereby impaired. ‘The sight- 
vane and prism being turned down, a cover fits on the box, 
which is about three inches diameter, and one deep ; and the 
whole being packed in a leather-case, may be carried in the 
pocket without inconvenience, 


The Box Sextant.—This instrument, which is equally 
portable with the prismatic compass—forming, when shut 
up, a box about three inches in diameter, and an inchanda 
half deep—will measure the actual angle between any two 
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objects to a single minute. It requires no support but the 
hand, is easily adjusted, and, when once adjusted, seldom 
requires re-adjusting, 

When the sextant is to be used, the lid E of the box 
is taken off and screwed to the bottom, where it makes a 
convenient handle for holding the instrument; the tele- 
scope, T, being then drawn out, the instrument appears as 
shown in the figure. A is an index arm, having at its 
extremity a vernier, of which 30 divisions coincide with 
29 divisions on the graduated limb //, and the divided 
spaces on the limb denote each 30 minutes, or half a degree, 
the angles observed being read off by means of the vernier 
to a single minnte. (The principle of the vernier is described 
at the end of this chapter.) The index is moved by turning 
the milled head B, which acts upon a rack and pinion within 


the box, To the index arm is attached a mirror, called the 
index glass, which moves with the index arm, and is firmly 
fixed upon it by the maker, so as to have its plane accu- 
rately perpendicular to the plane in which the motion of 
the index arm takes place, called the plane of the instru- 
ment; this plane is evidently the same as the plane of the 
face of the instrument, or of the graduated limb //. In the 
line of sight of the telescope is placed a second glass, called 
the horizon glass, having half its surface silvered, and which 
must be adjusted that its plane may be perpendicular to the 
plane of the instrument, and parallel to the plane of the 
index glass, when the index is at zero, The instrument is 
provided with two dark glasses, which can be raised or 
lowered by the little levers seen at d, so as to be interposed, 
when necessary, between the mirrors and any object too 
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bright to be otherwise conveniently observed, as objects in 
the direction of the sun. The eye-end of the telescope 
is also furnished with a dark glass, to be used when 
necessary. 

Lo see if the instrument be in perfect adjustment.—Place the 
dark glass before the eye-end of the telescope, and looking 
at the sun, and moving the index backwards and torwardsa 
little distance on either side of zero, the sun’s reflected 
image will be seen to pass over the dist, as seen directly 
through the horizon glass, and if in its passage the reflected 
image completely covers the direct image, so that one perfect 
orb is seen, the horizon glass is perpendicular to the plane 
of the instrument: but, if not, the screw at @ must be 
turned by the key & till such is the case. The key / fits the 
square heads of both the screws seen at a and b, and fits into 
a spare part of the face of the instrument, so as to be at 
hand when wanted. This adjustment being. perfected, 
bring the reflected image of the sun’s lower limb in exact 
contact with the direct image of his upper limb, and note 
the reading of thé vernier ; then move the index back beyond 
the zero division of the limb, till the reflected image of the 
stu’s upper limb is in exact contact with the direct image of 
his lower limb, and, if the zero of the vernier be now exactly 
as far behind the zero of the limb, as it was at the former 
reading in front of it, the instrument is in perfect adjust- 
ment; but, if not, half the difference is the amount of error, 
which must be corrected by applying the key i: to the screw 
at b, and turning it gently till both readings are alike, each 
being made equal to half the sum of the two readings first 
obtained. When this adjustment is perfected, if the zeroes 
of the vernier and limb are also made exactly to coincide, 
the reflected and direct image of the sun will exactly coin- 
cide, 80 as to form but one perfect orb, and the reflected and 
direct image of any line, sufficiently distant not to be affected 
by parallax, as the distant horizon, or the top or end of a 
wall, more than half a mile distant, will coincide so as to 
form one unbroken line. , 

To obtain the angle subtended by two objects in, or nearly in, 
the same horizontal plane.—Hold the sextant in the left hand, 
and bring the reflected image of the right-hand object into 
coincidence ,with the direct image of the left-hand object, 
and the reading of the instrument will give the angle between 
the two objects. 
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To obtain the angle subtended by to objects in, or nearly in, 
the same vertical plane.—Hold the instrument in the right 
hand, and bring down the reflected image of the upper 
object by turning the milled head B, till it exactly coin- 
cides with the direct images of the lower object, and the 
reading of the instrument will give the angle between the 
tivo objects. : 

It will be seldom that the surveyor need pay any atten- 
tion to the small error arising from parallax, but, should 
great accuracy be desirable, and one of the objects be distant 
while the other is near, the parallax will be eliminated by 
observing the distant object by reflection, and the near one 
by direct vision, holding the instrument for this purpose 
with its face downwards, if the distant object he on the left 
hand. If both objects be near, the reflected image of 
distant object, in a direct line with one of the objects, must 
be brought into coincidence with the direct image of the 
other object, and the parallel will thus be eliminated. 

Lor the purposes of surveying, the horizontal angles 
between objects ave chiefly required, and the reduction of 
these angles from the actual oblique angles subtended by 
the objects, would be a troublesome process. If the angle 
subtended by two objects be large, and one be not much 
higher than the other, the actual angle observed will, how- 
ever, be a sufficiently near approximation to the horizontal 
angle required ; and if the angle between the two objects 
be small, the horizontal angle may be obtained, with sufficient 
accuracy, by taking the difference of the angles observed 
between each of the objects, and a third object at a con- 
siderable angular distance from them, With a little practice 
the eye will be able to select an object in the same direction 
as one of the objects, and nearly on a level with the other 
object, and the angle between this object and the object 
selected will be the horizontal angle required. 

For laying off tong offsets, or perpendicular distances from ¢ 
station line. —The pocket sextant is a most convenient instrn- 
ment for this purpose : for by setting the index to 90°, and 
walking along the station line, looking through the horizon 
glass directly at the further station staff, or any other re- 
markable object on the station line, any object off the 
station line will be seen by reflection, when the observer 
arrives at the point where the perpendicular falls from this 
object upon the station line, and the distance from this 
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point to the object, being measured, is its perpendicular 
distance from the station line. 


The Theodolite.—The theodelite is the most important 
angular instrument used by surveyors, and measures both 
the horizontal angles between two objects and the angles of 
elevation or depression formed hy these objects with the 
point of observation. 

There are several forms of theodolite manufactured, 
differing in detail, the main parts being common to all. 
The theodolite here described is that most generally in use, 
and is known as the “transit” theodolite, from the fact of 
the telescope being fitted with a complete vertical circle, 
mounted in the same way as the transit instrument used in 
astronomical observations. $ 

By the courtesy of Mr. W. F. Stanley, of Great Turn- 
stile, London, the drawings showing the construction of the 
instrument are here produced, and the following description 
is mainly compiled from his work on “Surveying and 
Levelling Instruments.” The theodolite comprises— 

A tripod stand of mahogany fitted with screw for fixing 
to the lower parallel plate. A metal stand is supplied also 
with the instrument, for using instead of the tripod, when 
it is desired to place the instrument on a wall for taking 
observations. 

The lower parallel plate N has a large boss piece taking 
up from its central part which forms a hollow dome 
called the socket shown at X. ‘The interior of the lower 
part of N is cut into a coarse female screw for attaching 
the instrument to the tripod. 

The upper parallel plate is constructed as a flange from a 
solid boss L. The boss is prolonged downwards by a stem 
piece upon the lowest part. of which a ball collar of globular 
section is firmly screwed. The ball collar fits into the socket 
carried up from the lower parallel plate ‘The whole of this 
globular arrangement is called the ball and socket. The 
boss L of the upper parallel plate with its stem has id hollow 
conical hole through its axis into which the body piece 
to be described fits accurately. Upon its outer upper part 
a collar is formed which acts as a guide to the clamp K, 
The plate is tapped in four places for parallel screws, 

The parallel plate screws. One is shown in elevation at M 
with its top dotted and one in section at M’, The four 
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parallel plate screws are in opposite pairs placed exactly at 
right angles to each other in a line passing through the 
vertical axis of the instrument. In some instruments an 
arrangement of three screws, instead of the four here men- 
tioned, is used for levelling the horizontal limb. 

The body piece.—This is shown in elevation at T and in 
section at I’. The limb of the instrument SS’ is attached 
to it by screws. The clamp K K bitesuponit. The lower 
outer part of the body piece forms a conical fitting in_the 
boss of the upper parallel plate L. The interior is a 
hollow conical axis. 

Axis collar clump K.—The clamp surrounds the body 
piece and clamps it by means of screw K shown on the 
left hand. ‘The clamp is connected with the upper parallel 
plate through the tangent screw the head of which is 
shown at P, so that when the screw K is tightened the 
parts L and T are fixed together, except. that a slow 
motion can be given to these parts by the tangent screw P. 

By this clamp and tangent arrangement the whole of 
the upper part of the instrument is rendered free to revolve 
when the clamp is loosened to bring the instrument to 
bearing, the final adjustment being secured after clamping, 


by the tangent screw. _ oy . 
The central vertical avis is shown in half section at Z and 


is madé in the form of a truncated cone ; its fitting surfaces 
are at the two ends of the cone extending about half an 
inch, the central part being chambered back. 

At its upper part it is screwed by a wide collar to the 
yernier plate. A square-hole collar and screw is fixed on 
the lower end of the axis just to touch the socket of the 
body piece so as to secure the axis in position when the 
instrument is lifted. An eye or hook (not shown in the 
drawing) is fixed into the screw at the lower end to take 
the cord of the plummet used for fixing the instrument over 
a definite point in the ground. 

The horizontal or lower plate or limb.—The whole of the 
piece SS’ is called the limb, but more generally only the 
divided part. It is attached to the body piece by screws, 
The outer rim is divided to 30’ in angles from 0° to 360° 
reading from left to right, It also supports the clamp 

iece, 

5 The vernier plute is shown in section under P” and is 
carried from the central axis Z. It carries the ball nut of 
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the tangent screw. The verniers are read to minutes by a 
pair of microscopes so placed that when the vernier is being 
read the other on the opposite side can be read also. The 
vernier plate also carries a spirit-level at O. (The principle 
of the vernier is described at the end of this chapter.) . s 
The compass box is fixed to vernier plate and the needle 
reads into a divided circle of 360°. In some instruments a 
trough compass with a long needle is used. ; 
The A. frames, shown in C C’, are attached to the vernier 
plate. Upon the front of one of them a spirit-level I is 
placed at right angles to that in the vernier plate at O. 
On the inside of each standard is a clip piece for taking 
the clipping screws to be described. The transit axis rests 
on two V's at the top of the standard. Z 
The transit avis fits into the V’s and at its centre is 
formed into a collar, clipping the outer tube of the tele- 
scope. ‘The vertical circle is attached to the collar by 
means of a Hange. r 
Lhe vertical vernier frame V V is centred up in front of the 


vertical cirele and is attached by screws to the “clips.” Tt 
has two verniers, the one at an angle of 180° from the 
ather. Two microscopes are provided for reading, 
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The clips—The clipping arm which is centred on the 
transit axis is shown BB’ B'. It is attached to the verniers, 
but moves freely on its axis at A so as to permit un- 
restrained motion of the telescope. A clamp working in a 
slot is shown at K’. It is used for. fixing the vernier 
stationary, except for adjustment by the tangent screw G'. 
This clamp and tangent set the vernier to zero. It is also 
used in setting the telescope before angles of altitude or 
depression are measured. he clipping screws HH’ bring 
the principle bubble B to the centre of the run after the 
vermer has been brought to zero by means of the clamp 
and tangent screws. ‘The clipping screws hold cither of 
the clips to one standard or the other. 

The vertical adjustment is equivalent to the horizontal 
already described, but in vertical plane. 

The vertical circle is carried by tour arms from a central 
hoss attached by screws to the transit axis. The circle is 
divided generally to half degrees, and is figured to right 
and left from zero both ends. The zero lines are directly 
coincident with the optical axis of the instrument. The 
vernier reads to minutes in either direction, the rising are 
above the level datum being considered as plus, the falling 
are as minus. 

The telescope consists of a pair of triblet-drawn tubes, 
with the object-end enlarged to take the object glass ; a ray 
shade fits over the object-end. The inner tube of the 
telescope slides forward to or from. the objective by 
means of a rack and pinion, moved by a large milled- 
headed screw. The eye-piece is known as the Ramsden 
eye-piece, and is termed a positive” eye-piece. It consists 
of two plano-convex lenses, the convex-eut faces of which 
are turned towards each other. It slides in a tube at the 
end of the telescope to focus upon the diaphragm. It is also 
sometimes called an “inverting” eye-piece, but is not 
really so, as it is the object glass that inverts the image of 
the object viewed, and the eye-piece picks up the image in 
its inverted position. An erecting eye-piece is also supplied 
with glasses so arranged that the image brought to focus 
inverted is again erected so that objects appear in their 
natural position. This, however, entails loss of light, so 
that to obtain an equal clearness of vision with an erecting 
eye-piece, as with a Ramsden eye-piece, a correspondingly 
larger object glass must be used. S 


INSTRUMENTS FOR ANGULAR MEASUREMENT. 65 
_The diaphragm of the telescope is so constructed as to permit 
displacement of spiders’ webs in any direction at right 
angles to the axis of the telescope, 3 
the object being to adjust the cross- 
ing of the webs to the uxis of the 
telescope. 

The diaphragm is a stout disc of 
brass held in its place and adjusted 
by four capstan-headed screws 
termed collimating screws. The 
diaphragm has generally three 
spider webs crossed as shown, but : 
is sometimes made of glass with the lines finely marked on, 


Adjustments of the Theodolite.—The following six 
adjustments are required. Of these Nos. 1, 2, and 6 must 
be made on each oceasion that the instrument is used ; the 
remainder, viz., Nos. 8, 4, and 5, are made by the maker 
before the instrument leaves the works, and with ordinary 
care will not require re-adjusting except at considerable 
intervals. They should, however, be examined from time 
to time to sec if they are accurate, 

1. Setting up the instrument in the centre of the exact point of 
observation. —As previously stated, a pointed plummet and 
cord are supplied with the instrument, and a hook is 
attached to the central vertical axis for hanging the cord 
to. The instrument should be set up approximately at 
first, as level as possible by the eye, the lower parallel plate 
being observed for this purpose. The legs are then moved 
until the centre of the plummet touches the exact centre 
of the peg over which the instrument is placed. | 
2, Adjustment for parallax.—Parallax is a term im general 
use to denote the difference between the true and apparent 
place of any object, or in other words, when the image of 
the object viewed, formed by the object glass, falls either 
short of or beyond the place of the cross lines, the error 
arising fromthis cause is called parallax. : : 

Adjustment,—Draw out the tube of the eye-piece until the 
cross hairs appear to be defined and te 1¢ free from effects of 
ise from optical displacement of cross 


parallax. that may arise y b 
hairs when the eye is placed in a lateral position. Tf, 


when the telescope of the instrument is pointed to any 
distant object, its image remains fixed, when the eye is 
a 
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moved to the right or the left, or in a lateral position, out of 
the optical axis of the telescope, no parallax exists ; on the 
contrary, if the image of the distant object does not remain 
steady the tube must be drawn out, more or less, until the 
required steadiness of the image takes place. As an addi- 
tional precaution against errors arising from parallax, 
observations should always be taken as nearly as possible 
through the centre of the eye-glass. 

3. Adjustment of the line of collimation, — The optical 
axis of the instrument or line of sight a, a, passing through 


the intersection of the cross hairs in the diaphragm and the 
centres of the eye-glass and object-glass, is called the line of 
collimation. The adjustment consists in making this line 
to coincide with the axis of the cylindrical rings or Y’s in 
which the telescope turns. To ascertain whether there is 
an error of collimation, direct the telescope to some well- 
defined object at a distance, and see that the intersection of 
the cross hairs cut it accurately ; then loose the clips that 
confine the telescope in the Y’s, and turn it half round on 
its axis, observing whether the centre of the hairs still con- 
tinues to cut the object. If it does the instrument is in 
adjustment, if not there is an error of collimation, To 
correct this error turn the telescope half round on its axis, 
and by means of the four conjugate screws attached to the 
diaphragm that move the cross hairs, correct for half the 
crror, alternately loosening one screw and tightening its 
opposite one, and turning the telescope half round on its 
axis at each half correction of error till the cross hairs 
cut the same point of the distant object, whether the tele- 
scope is in its original position or half round on its axis. 

4. Adjustment of the horizontal limb.—Clamp the verti- 
cal axis by means of the screw K, unclamp the vernier 
plate, fix the vertical are at or near zero, turn it round 
till the telescope is directly over two of the parallel plate 
screws. Bring the bubble of the level of the telescope to 
the centre of its run by turning the tangent screw. ‘Turn 
the vernier plate half round, bringing the telescope again 
oyer the same pair of parallel plate screws; and, if the 
bubble of the level be not still in the centre of its run, bring 
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it back to the centre, half way, by turning the parallel plate 
screws, over which it is placed, and half way by turning 
the tangent screw. Repeat this operation till the bubble 
remains accurately in the centre of its run, in both positions 
of the telescope; and, then turning the vernier plate round 
till the telescope is over the other pair of parallel plate 
screws, bring the bubble again to the centre of its run by 
these screws. The bubble will now retain its position while 
the vernier plate is turned completely round, showing that 
the internal axis about which it turns is completely 
vertical. The bubbles of the levels on the vernier plate 
must now be adjusted by the capstan screws, and then show 
the axis to be vertical. Now, having clamped the vernier 
plate, unclamp the screw K, and move the instrument 
slowly round on the external axis, and, if the bubble of the 
level maintain its position during a complete revolution, 
the external and internal axes are coincident, both being 
vertical at the same time ; but, if the bubble does not main- 
tain its position, it shows that two parts of the axis have 
been inaccurately fitted, and the fault can only be remedied 
by the instrument-maker. 
5, Adjustment of the vertical linb.—The bubble of the level 
being in the centre of its tube, reverse the telescope end for 
end in the Y's, and, if the bubble does not remain in the 
same position, correct for one half of the error by means of 
the capstan-headed screw at the end of the level, and for 
the other half by the vertical tangent screw G. Repeat the 
operation till the result is perfectly satisfactory. Next turn 
the telescope round a little both to the right and to the left, 
and, if the bubble does not remain in the centre of its run, 
the level must be adjusted laterally by the screw at the 
other end. ‘This adjustment will probably disturb the first, 
and the whole operation must be carefully repeated. ; 
Examine the vernier to ascertain if, when the foregoing 
adjustments have been made, it points to zero, when it will 
be correct. If not, any deviation is easily rectified by the 
attached screws, or, if the error be small, note the quantity 
of deviation, as anindex error, and apply it + or — to each 
vertical angle observed. This deviation is best determined 
by repeating (as is explained in the chapter on Surveying 
with the Theodolite) the observation of an altitude or de- 
pression in the reversed positions both of the telescope and 
yernier plate. The two readings will have equal and oppo- 
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site errors, and the half of the difference will be the index 
error. 

6. Levelling the parallel plates—This is effected by the 
screws M M’ and the two levels O and J attached to the 
vernier plate. The vertical axis is clamped by the screw 
K, and the instrument is placed so that the telescope is 
directly over two of the screws. 

The two levels O and I are now each parallel to two of 
the parallel plate screws. The vernier plate is then 
clamped. Should the bubble of the tube I not be in 
the centre of the run, but towards the right-hand ex- 
tremity of the tube, the parallel plate screws M M’ parallel 
with the level I must both be turned outwards, thus 
depressing the right-hand corner of the plate from the 
vertical axis of the instrument till the bubble is in the 
centre. Had the bubble been at the left extremity of the 
tube, the screws parallel with the level I should have been 
turned inwards towards the axis of the instrument. When 
the bubble of the level T is duly level, the telescope should 
be turned parallel to the level O, and the same steps should 
be taken in the case of this bubble tube, and the screws 
parallel with it. It is customary to level the tubes I and O 
a second time each, as the adjustment of the one sometimes 
upsets that of the other. 


The Vernier Scale.—The vernicr is so named from its 
inventor, Peter Vernier, It is used in conjunction with, 
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and forms subdivisions to, another scale called the primary 
scale, which, if divided to the same extent as the vernier, 
would have its parts so fine as to be indistinct. 

On the theodolite the primary scale is generally only 
tlivided into degrees and half degrees, or 30 minutes, The 
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vernier enables us to read the additional number of 
minutes in the angle observed. 

‘The principle is thus stated :—If a space on the primary 
seale be divided into a given number of parts equal to n—I, 
and a space equal in length to the first be divided on the ver- 
nier or moveable scale into a number of parts equal to”, these 
parts will each be smaller than the first by the ath part ofa 
division on the primary scale. If one inch be divided on the 
primary scale into 10 equal parts and a space on the yernier 
equal to 9 of the parts be itself divided into 10 equal 
parts, the difference between a division on the primary 
scale and a division on the vernier will equal to 1's of the 
first and therefore to +z of an inch. 

Similarly, on a theodolite divided on the primary scale 
into divisions representing 30 minutes, a space is scb out 
on the vernier equal to 29 of these divisions, and this space 
so set out is divided into 30 parts, each division on the 
yernier differing from that on the primary scale by 3's, 
orl minute. To read the instrument an account is first 
taken of the degrees and half degrees (if any) to which the 
index of the vernier (marked thus on it \y) points, and 
the eye is passed along the vernier until some one of its 
lines coinciding with any line on the primary scale is 
found. 

The number of divisions on the yernier or minutes be- 
tween the index of the vernier and such coinciding line 
with the primary scale is then added to the first account 
taken of degrees or half degrees. In the illustration the 
angle is 30°, 37", 

The Plane Table is another instrument of this descrip- 
tion, the angles, however, being laid down on paper on the 
table in the field by means of an index, with sight-slits 
attached to the table. 


Clinometer.—This is used for measuring angles of 
elevation or depression. 


CHAPTER VI, 


LOGARITHMS AND TRIGONOMETRY AS APPLIED 
IN SURVEYING. 


LOGARITHMS. 


By Logarithms, calculations are rendered more easy, 
for by a table of logarithms multiplication is changed into 
addition, division into subtraction, volution into multipli. 
cation, and evolution into division. . : 

The logarithm of a number to a given base is the index 
of the power to which the base must be raised to give that 
number, The base of the logarithms registered in the 
ordinary tables is 10. Hence the logarithm of 10 is 1, for 
10 = 10' and the logarithm of 100 is 2, since 100 = 10°, 

Logarithms are calculated to 7 places of decimals, and the 
integral parts of the logarithms of numbers higher than 10 
are called the characteristics, and the decimal parts of the 
logarithm the mantissa. 

For example, the logarithm of 80 is 1:9030900, where 
1 is the characteristic and 9030900 the mantissa. The 
characteristic of the logarithm of a number is always 
one less than the number of integral figures of a number, 
Hence, if the number contain 4 integral figures, the charac- 
teristic is 3, if it contain 3 integral figures the characteristic 
is 2, and so on. 

Various published tables give the mantisse of the logar- 
ithms of numbers up to 10,000, and from these the charac- 
teristic may be fixed in accordance with the rule above 
stated. Tor example :— 


Log. of 8743 is 3-9416605 
Log..of 874°3 is 2°9416605 
Log. of 87-43 is 1:9416605 
Log. of 8°743 is 0°9416605 
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Tf the number has no integral figures the characteristics 
are always negative, the mantisse remaining positive. Tf 
there is no cipher after the decimal of the number the 
characteristic is — 1; if there is one cipher the characteristic 
is — 2, and soon. In calculations with negative character- 
istics the rules of algebra are followed. ‘The same mantisse 
serve for the logarithms of all numbers, whether greater or 
less than unity, which have the same significant digits. For 
example :— 


Log. of ‘8743 is 19416605 
Log. of ‘08743 is 2-9416605 
The veader is referred for finding, from the. tables vf 
logarithms, the logarithm of a number, or for finding the 
munber corresponding to a given logarithm, to the explana- 
tion published with such tables. 
Multiplication by Logarithms. 
Ruir.—Add the logarithm of the number, and the sum 
will be the logarithm of the product. 
Evample.—Multiply 231:4 and 5:062. 
Log. 2314 = 23643634 
Log, 5-062 = 0-7043 
3:068685. 
or logarithm of 1171°347, which is the required product. 


s 


Division by Logarithms. 

RvuLE.—From the logarithm of the dividend, subtract 
that of the divisor, and the remainder will be the logarithm 
of the quotient. 

Heample.—Divide 241°63 by 4567. 

Log. 241-63 = 2°3831509 
Log. 4567 = 0°6596310 


and 1:7235199 = logarithm of 52-90782, 
which is the required quotient. 


Involution by Logarithms. 

RULE.—Multiply the logarithm of the given number by 
the exponent of the power to which it is to be raised, and 
the product will be the logarithm of the required power, 
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Hecmple—Vind the fourth power of 9:163. 


Log. 9163 = 0:9620377 
4. 


38181508 
and 3-8481508 = logarithm of 7049-38, which is the re- 
quired product. 


Evolution by Logarithms. 


RvuLge.—Divide the logarithm of the given number by the 
exponent of the root which is to be extracted, and the 
quotient will be the logarithm of the required root. 

Exvample.—Find the eube root of 12345. 

Log. 12345 = 40914911 
Dividing by 3 we get 1:3638304 = logarithm of 23-11162, 


or a / 12845 = 23°11162, 


Tables of Natural Sines and Cosines, etc., of 
Logarithmic Sines, Cosines, etc. 

Trigonometrical ratios, as, for example, sine, cosine, e., 
are, as is shown later, numerical quantities. 

There are two forms of tables : ¢ 

(1) The table of natural sines, cosines, We. : 
(2) The table of logarithmic sines, cosines, We, 

The logarithmic sines, cosines, &c., are called tabular 
logarithms, and are denoted by the letter L prefixed. 

The natural sines and cosines can be ascertained from the 
logarithmic sines and cosines by subtracting 10 from the 
indices of the latter, the number corresponding to this 
logarithm being the natural sine or cosine. The number 10 
was added to prevent the frequent occurrence of negative 
quantities in tables. 

Leample.—L sin, A = log. sin, A + 10. 


TRIGONOMETRY. 


Consideration of Spherical Excess.—Owing to the 
figure of the earth being that of an-oblate spheroid, in any 
triangulation taken ina survey the triangles are spheroidal, 
the curvature of the sides having to be taken into con- 
sideration ; but it has been proved that, without appreciable 
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error, a spheroidal triangle can be estimated as spherical. 


Now the angles in a spherical triangle exceed two right 
angles, the excess varying according to the area of the 
triangle, the radius of the sphere, and other considerations 
presenting great difficulty in the calculations. 

In ordinary operations, however, the spherical excess does 
not exceed four seconds. The solution is given by Legendre 
in the following theorem, “that, in any spherical triangle, 
the sides of which are small proportionately to the radius 
of the sphere, if each of the angles be diminished by one- 
third of the spherical excess (so as to reduce their.sum to 
two right angles) these diminished angles may be treated 
as those of a plane triangle, having sides equal in length to 
the length of the spherical are sides straightened out into 
rectilinear lines.” Thus the parts of a spherical triangle 
can be worked out as if the triangle were a plane triangle. 


Trigonometrical Ratios. 


Let ABC be a right-angled triangle. If the angles are 
denoted by A, B, and ©, and the sides by a, b and ¢, we 
shall have the following ratios :— 


B 
¢£ a 
A z ¢ 


perpendicular __ @ 


Sine of angle A (written sin. A) = “hypotedues F 


. = sbaser a0) 
Cosine pt » co AD= Fecoannetea 2 
perpendicular _ 
Tangent ,, ( = tan. A) = eae ==; 
___ hypotenuse _ ¢ 
Cosecant ,, (_ ,,cosec. A) = pemeiticalg — @ 


hypotenuse _ ¢ 


Salt tage a base b 


Secant 


base ee 


Cotangent ,, ( ,, cot. A) a perpendicular ~ & - 
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Concise Formule, &c. 


Complement of an angle = the excess of a right angle over 
that angle. 
Evample—Complement of angle A = 90° — A. 


Supplement of an angle = excess of two right angles over 
that angle. 
LEvample-—Supplement of angle A = 180° — A, 


Sin. (90° — A) = cos. A. 
Tan. (90° — A) = cot. A. 
See. (90° — A) = cosec. A. 
Sin. (180°. — A) = sin. A. 


Cos. (180° — A) = — cos. A. 
‘Tan. (180° — A) = — tan. A. 
Cot. (180° — A) = — cot. A. 
Sec. (180° — A) = — sec. A. 


Cosee. (180° — A) = cosee. A. 
Vers (I80— A) = 1 + cos, A. 


Algebraical Signs of Ratios in the Respective 


Quadrants. 
Ratio. First Second Third Fourth 
Quadrant. | Quadrant. | Quadrant. | Quadrant. | 

| | _ ” am 
Sin. . | + + - = 
Cos. | + Be = Ae 
Lanes r } fe = + = 

Cc 


Determination of Inaccessible 
Heights and Distances. 

1. To determine the distance of an in- 
avcessible point on « horizontal plane. 

Let C = inaccessible point. 

Ruie.—Measure any length A B. 
Observe angles C A B and CBA, 


, AB sin. ABC 
: then AC = “AGB” 
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2. Lo measure height of accessible c 
object. ¢ 

Let CE be the accessible ob- i 
ject. 

Rutr.—Measure any distance ee 
ED from foot of object, the line “ 
A B representing a line parallel i 
with the ground at the height = 
of the observer’s eye; from it A ¢----see-eee-e-]| B 
measure distance between same : 
and ground, and observe the D : 
angle C A.B, 


then CE=BE (or AD) 4+ BA tan,CA B. ; 


3. Zo measure distance and height of 
inaccessible object. 


Let PC = inaccessible object. 


RuLk.—Measure any length AB 
towards P ©. Take angles PAB 
and PBC. (By Euclid I. 32 
APB= difference between P BC 
and PAC.) 


AB sin. PAB sin. PBC 


os 
then PC = APE 

, _ ABcos. PAB sin. PBC 
and A G= == ase 


4. The following proposition is of the utmost importance 
in trigonometrical calculation, viz. Jn any triangle the sides 
are proportional to the sines of the opposite angles. 


Solution of Triangles. 


A triangle consists of six elements—viz., three sides and 
three angles—and a certain number being given, by. caleu- 
lation the remaining unknown elements can be ascertained. 
When the three angles only are given, the ratio only can be 
ascertained that the sides bear to one another, and not 
their actual lengths. 
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Solution of Right-Angled Triangles. 


Let ABC be a right-angled triangle, and the angles be 
aoe by A, B and CG, and the sides a, bande, as in the 
igure ;— 


Given. | Sought. Formule. 
a,e | A,B, b | sin. A=4 cos, B=, b= (e+) (—a), or fO—@? 


a,b | A, B,e | tan. A=4, cot. B=f, cH Vere 
a 
A,a@| B,4,¢ | B=90°—A, b=a cot. A, Ca 
b 
A, d | B, a, ¢ | B=90°—A, a=d tan, A, CaS 
A,c |B, a,b | B=90°—A, asc sin. A, b=e cos. A 


Beample.—Given the side «= 124-6 yds. 
A= 64° 20’ 
C=90° 


required angle B and sides 4 and c. 
B=180 — (90° + 64° 20) 
= 25° 40’ 
b=acot.A 
log. b = log. « + L cot. A 
= log. 1246 + L cot. 64° 20'— 10 
= 2:0955180 
96817396 


17772576 
b = 59-876 yds. 
or } can be found by Euc. L, 47, b= Yee 


HA vie 
sin. A 
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log. ¢ = log. a — Lsin, A + 10 
= log 124-6 — Lsin. 64°20 + 10 
= 2°0955180 
10° 


2°1406346 o 
= 138-24 yds, 


° 


Solution of Oblique-Angled Triangles, 


‘ BR 
o @ 
ics 
6 
Given. | Sought. p Foriauliys 
A,B, ab Gime asin. B 
sin, AC 
A, a,b|B sin, Bi 28a A 
@ 
AiO \AB Vian, 9 (hs) oe eee) 
a+b 

a, be | A sin. e = woh) where s = ses 


It will be scen from the formule that the following cases 
of solving triangles present themselves :— 
I. When two angles and a side are given, of which the 
side may be— 
(1) The side between the two angles, or 
(2) A side opposite one of the two angles. 
II, When an angle and two sides are given, which sides 
may be— 
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(1) The sides containing the angle between them, or 
(2) Sides not containing the angle between them. 


In this last ease—known as the “ ambiguous ” case—let 
and 0 be the given sides, and A the given angle. 
@ sin. B 


Now by the formula J = care 


bsin. A 
a 


> 


Canby oa 


gee Osi, AS F en 
and* if aa is less than unity, two different angles 


. bsin, A ; 
may be found less than 180° which have a ** for sine, 


one of these angles being less than a right angle and the 
other greater. If « be not less than J, then A.must_be not 
less than B, and therefore B must be an acute angle, and 
only the smaller value is admissible for B. _ If « is less than 
b, then cither value might he taken for B. When Bis deter- 
mined, © is known, since it is 180 — A — B, and then ¢ 
¢ sin. © 
can be found from “woamA 
Thus if two values are admissible for B we obtain two 
corresponding values for C and ¢, so that two triangles can 
be found from the given elements. 


III. When the three sides are given. 
Examples of the Foregoing Cases. 
I. Zo solve a triangle, having given two angles and w side. 
In A ABC given a = 1000 yds. 
B= 104° 
C = 24° 29’ 
then A = 180° — (104° 4 24° 29’) = 51°31 
i « sin. B 
sin. A 
log. b = log. a + Lsin. B—L sin. A | 
= log. 1000 +.L sin. 104° — L sin. 51° 31’ 


now d= 


*Todhunter’s “ Trigonometry.” 
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30000000 

99869041 
12-9869041 
98936448 
30932593 

b = 1239-54 yds. 


IL. (2) Zo solve a triangle, having given two sides and the 
ungle opposite to one of them. 
Given @ = 528 yds., ) = 252 yds. 
A = 124° 34, find B and C, 
In this case the ambignity does not exist as, since A is 
obtuse, both the angles B and C must be acute. 


Sin=B ie d sin. A 
“ 


Lesin. B= log. b + L'sin. A — log. « 
9 


= log. 252 + T, sin. 124° 34 — log. 528. 
24014005 
9-9156460 
12°3170465 
2°7226339 


9°5944126 . 
.. B= 28° 8" 33” 
C = 180° — 124° 34’= 23° 8 33” = 32° 17" 27" 
To solve « triangle, having given lio sides and the angle 
opposite to one of them. 


The ambiguous case, 
a= 59T4 


1249:7 


In this case the angle A is acute, and the side 0 is greater 
than the side a. B is, therefore, greater than A (Eue. 1.18), 
but this does not settle the difficulty, because B can he either 
acute or obtuse for sin. B = sin. (180° — B), 

In trigonometrical surveying the ambiguity can be settled 
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by referring to the field record, as to whether B is acute or 
obtuse in accordance with the known data. 

The example is, however, worked out below, showing 
the two different solutions. 


First Solution. 


A b c 
Sin, B= & sin A 
“ 
‘Lsin. B= log. b + Lin. A — log. « 
= log. 1249-7 + L sin. 9° 20' — log. 397-4. | 
30968058 
9:2099917 
123067975 
2:5992279 
9°7075696 
then B = 80° 39’ 50” and 
© = 180° — 9° 20’ — 30° 39’ 50” = 140° 0' 10” 
and c = 1574:99 fect. 


Second Solution. 


A b Gc 
Now sin. B = sin. (180° — B) 
B = 180° — 30° 39’ 50”= 149° 20’ 10” 
and C = 180 — 9° 20’ — 149° 20’ 10” 
= 21° 19’ 50” 
and c = 891:33 feet. 
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Areas, 


To sind the area of a triangle, when tio of its sides and their 
included angle are given. 
Let « and } be the two sides of the triangle, C their 
included angle ; then 
area = 3a) sine C 


Evample.—The two sides of a triangle ave 1920 and 1152 
links and their included angle 53° 8’, required the area. 
then area = 3}. ab sine C 
.". twice area = ab sine C idee 
log. of twice area = log. a + log. b + L sine C — 10 
3°2833012 
30614525 
1-9031084 


log. of twice area = 62478621 . 
«1. twice area = 1769547 sq. links 
AR. P. 
area = = 884774 sq. links = 8 3 156 


To find the avea of a triangle when the three sides are given. 
Let a, ) and ¢ be the sides, and s their half sum, then 
area = ./s(s —a) (s — 0) (s—o) 


To find the area of a triangle, when two of is angles and their 
included side are given. : ; 
. Let A and B be the two angles, and ¢ their included side ; 


then r 
* sine A sine B 


a — © 
area = Fsine (A + B) 


CHAPTER VIL 
SURVEVING WITH THE THEODOLITE. 


Boru in engineering and other surveys the use of the 
theodolite is often preferable to chain surveying, and in 
many cases it is absolutely necessary. The chief cases in 
which it is generally adopted are the following -—- 


(1) In the surveys of woods, lakes, &e., by ranging a 
system of lines round the area to be surveyed, and con- 
necting them by taking the angles at their several points 
of junction. 

(2) In the surveys of winding roads, rivers, &e. » (This 
and the first case are technically known as “ traversing.”) 

(3) In determining the positions and distances of several 
stations, in an extensive engineering or other survey, by 
taking angles to them from two or more stations the dis- 
tances of which are known. 

(4) In the survey of streets of part, or of the whole, of 
a town. 

(5) In railway surveys, &e. ‘ 

(6) In ranging out a long line over undulating ground, 

(7) Ina large survey, by dispensing with certain check 
lines rendered unnecessary by the angular measurements, 

(8) Insetting out curves. ‘ 

(9) In taking’ angles for elevation or depression. 


In surveying with the theodolite, the statements made in 
the chapter on Chain Surveying on the practical application 
of triangulation, inspection of the ground and setting out, 
and the general observations, are equally applicable. 

The best position for the base line and the principal 
stations should be carefully selected, and the triangles 
formed be well-conditioned. In general no angle less than 
30° should be used, unless the nature of the ground renders 
. it absolutely necessary. . In important surveys the base lines 
should be measured twice. The stations at the commence- 
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ment and end of the base line should he easily seen from the 
surrounding country, but it is not necessary that they should 
be visible from one another. The base line can be length- 
ened by angular measurement, as will be shown hereafter. 

Notwithstanding that, given the measured length of the 
base and the two angles, the sides of the triangle can be 
computed by trigonometry ; it is necessary, when all the 
stations are determined, to measure one at least of the dis- 
tant sides of the system of triangulation, which is known as 
the base of verification. When the base line and the base 
of verification have been measured, and the angles of the 
main triangulation observed, these data should be reduced 
to paper before the survey is proceeded with. The triangu- 
lation being completed, the filling-in presents no difficulty. 
The larger triangles are subdivided into smaller triangles, 
and the survey is proceeded with according to the rules of 
chain surveying, aided in the larger surveys by the use of 
the box sextant and prismatic compass. 


The Methods of taking Angles. 


There are two methods of observing angular measure- 
ments: 

(1) By taking the bearing of two lines formed by the 
point of observation and two station points. 

(2) By taking the bearing which the line formed by the 
point of observation and the distant station makes with the 
magnetic meridian, as indicated by the needle of the com- 

ass. The first method is more certain, though the two 
can be used in conjunction. 

Bearings with the magnetic meridian can be taken at 
yarious stations to some prominent point, visible generally 
on all parts of the survey, and this arrangement serves as a 


check on the first method. 

Bearings taken with the magnetic meridian are liable to 
various disturbing influences on the needle, which some- 
times considerably affect it. All metallic attractions should 


be removed from its close proximity. 


To take a Horizontal Angle with the Theodolite, 


(1) Lhe “bearing of two lines, one- with another, The 
theodolite being adjusted (as explained in the chapter on 
Instruments for Angular Measurement), unclamp the vernier 
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plate, set the arrow of the vernier to 360° or zero on the 
lower plate as nearly as possible. Clamp the vernier plate, 
and adjust the points carefully by the microscope and the 
tangent screw. The other vernier should be examined to 
ascertain if it reads 180° exactly, or if not so, the difference 
must be noted. (For the descriptive letters used here the 
reader should refer to the drawing of the theodolite (page 61) 
in the chapter on Angular Instruments.) 

Again, unclamp the vertical axis by the screw K, and turn 
the instrument to the left of the two stations, between which 
the angle is to be taken, till the centre of the cross webs in 
the telescope nearly cuts the centre of the bottom of the 
pole set up at the station; then clamp the screw K, and, by 
gently turning the tangent screw, the most perfect accuracy 
may be secured. : 

Next, unclamp the vernier plate, and turn it round 
till the cross webs nearly cut the bottom of the pole at 
the second station ; then clamp the vernier plate, and obtain 
the exact point of intersection by the tangent screw 
as before. Read off the angle in degrees (and half degrees 
if any) in the scale of the lower limb, as indicated by the 
arrow of the vernier (page 68), and with the microscope 
find on the vernier itself which one of its lines coincides 
with any line on the scale of the lower limb. Read off on 
the vernier scale the number of divisions or minutes 
included between the arrow of the vernier and the division 
so coinciding with the division on the lower limb. (The 
vernier is fully described in the chapter on Instruments for 
Angular Measurement.) Then similarly read the angle on 
the other vernier. Subtract. 180° from it, and take the 
mean of the result and the angle observed with the first 
vernier. This will give the true reading. 


Evample. 
Reading with first vernier =.» sw = 67° 4" 
» wy second 4, 247° 3’= 247° 3’—180°=67° 3’ 


. 2)134° 7! 


True angle 67° 3’ 30" 
The reason for observing the mean of the readings of the 
two yerniers, is to counteract the effects of eccentricity in 
the two circular vlates and their axes, ; 
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To ensure the greatest accuracy, invert the telescope in 
the Y’s (see figure on page 61), and take the mean angle 
of the two verniers as before. If there is any discrepancy 
between this result and the first, viz., 67° 3° 30”, take the 
mean of the two. 

Repeating Angles.—To form a check on the reading, the 
observation of the angles is repeated in the following 
manner, and the mean result taken. The horizontal angle 
between the two points is determined as above. Assume 
the points to be A and B, the point A being at the left 
hand, and the angle to be 67° 3’ 30”. Leaving the vernier 
clamped at 67° 3’ 30”, unclamp the vertical axis by the 
screw K (see figure on page 61), and direct the telescope on to 
A again, Clamp the screw K, and fix the exact intersection 
with the tangent serew—as before. Unclamp the yernier 
plate, and obtain the intersection of the cross-webs of the 
telescope with the point B, clamping the vernier plate, and 
using the tangent screw. ‘The angle will now read 134° 7. 
If extreme accuracy is required, repeat again, starting from 
134°7', The next angle will be 201° 10'30”. Divide the total 

‘ 201° 10' 30" f 
result by the number of readings 3 = 67° 3! 30" 


the trueangle, The reading with the two yerniers, and subse- 
quently with the telescope, must be done at each repetition. 
(2) The bearing with the magnetic meridian.—The instru- 
ment being adjusted, unclamp the vernier plate, and set 
the arrow of the vernier to 360 or zero on the lower plate. 
Then clamp the vernier plate as before. Unclamp the screw 
IK (see figure on page 61), and move the telescope till the 
north point of the needle of the compass points exactly to 
360° on the card. Clamp the vertical axis by the screw Kk, 
unclamp the vernier plate and direct the telescope on to the 
first station, the bearing of the line between which and the 
point of observation it is required to ascertain with the 
magnetic meridian. Clamp the vernier plate, and read off 
the angle from the two verniers, verifying with the tele- 
scope inverted, and repeating as already explained. The 
angle can also be read on the compass card, but as the 
diameter is so small it cannot be obtained with accuracy. 


To take a Vertical Angle. 


Having set the instrument level, and adjusted it as 
already explained in the chapter on Angular Instruments, 
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observe whether the zero of the vertical limb coincides with 
that of its vernier, by the microscope attached thereto. 
These points being found coincident, raise or depress the 
telescope, till its optical axis, or cross wires, cut the object 
required ; then clamp, and adjust till perfect accuracy be 
obtained, when the angle may be read off, which will be an 
angle of depression, if the arrow of the vernier be between 
the zero of the vertical circle and the object glass of the 
telescope ; otherwise an angle of elevation. 


Ascertaining Heights and Inaccessible Points by 
Angular Measurement. 

The reader is referred to the preceding chapter on 
Logarithms and Trigonometry as applied in Surveying, 
where this subject is dealt with, and the trigonometrical 
formule given. 


To Survey Woods, Lakes, &c., by the Theodolite. 


1. Required the plan of the wood represented in the 
following figure, the field notes being given :— 


Fix poles round the wood, so that the lines surrounding it 
may be as near it as possible, for the convenience of taking 
the offsets ; the stations at the same time being made on 
proper ground for fixing the theodolite. Let ABCDE be 
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the stations, and the field book as below. The lines D E and 
1; A almost impinge on the wood. The long offsets are set 
out with the optical square. 


to@ C From © E | 48° .23' to©® B 
10 2678 toOA 
101 1400 1793 
119 800 10 1350 
P 10 000 10 000 
From © A 81° 29° to®G From @D | 241° 38' | to QA 
oB1 | OELT 
to@B ) tc@B 
10 2802 10 1790 
99 1800 10 | 000 
10 1100 From @C | 46° 51! | to @E 
20: 600 @D 7 
320 es 
perpr. to 995 to@D 
corner cal 10 1898 
Begin at OA 237 200 
——! goE ° 10 000 
From © B | 111°39' | to ©@D 
oo7 
It will be scen, from the field notes, that the line A B is 
first measured, as a base for the plan. ‘The first angle A BC 


is then taken, and being found to be 81° 29’, shows the 
direction of the second line B C. ‘The angles at stations CG 
and D are respectively found to be 111° 39/ and 46° 51’, 
the three lines BC, GD, DE each bending respectively to 
the left of the line precedingit.. The angle at © Eis found 
to be 241° 38’, which being greater than 180°, that is, 
greater than the semicircle p 4 shows that the line EA 
turns to the right. Finally, the angle at © A is found to be 
58° 23, showing that the line A B turns to the left of EA. 
The magnitude of the angle shows whether the new line 
inclines to the right or the left of the old one, the new line 
turning to the left of the old one, when the angle is less than 
180°, and to the right when greater, the ero of the instrument 
being always directed to the commencement of the old line, 


Planning and proving the work.—Draw the base line 
A B in the given direction, and lay off the given length 
9302 links thereon. Place the centre of the protractor at 
© B, with its straight side close against AB, and prick 
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off 81° 29' from its end towards A; then, through 
©B and the protractor-mark draw B C, making it the 
given length 2678. Lay down similarly the two follow- 
ing sides with their angles C and D. Lay off angle 
at © E, which is 241° 38’, therefore E A must turn to the 
right, and E A being drawn, must reach to@© A, where the 
survey began. If it does not reach to © A, there has been 
an error either in taking the angles or in measuring the 
lines. But since the sum of all the interior angles of a polygon is 
equal to twice as many right angles as the figure has sides, lessened 
by four right angles (Bue, I. 32. Cor. 1.), and since the given 
figure has five sides, the sum of all its five interior angles 
willbe = 5 x 2—4 = 6 right angles = 90° x 6 = 540°. 
This will be found to result by adding all the angles of 
the figure, as below :— 
Angle at B = 81° 29 
— C=111 39 
1 
8 


—— D= 46 5 


Proof, as respects the angles 540° 0’ 


The above result shows that the angles have been 
accurately taken ; if, therefore, the work does not close, that 
is, if EA does not reach to@ A, the error is in the 
measuring of some of the lines, or in making a wrong entry 
in the field notes. . ; 

Had the survey been a triangulation of some area instead 
of a traverse survey as in this case, the sides of the triangle 
would have been computed by trigonometry and laid down 
on paper from measures of their length rather than, as 
already explained, from angular measurements by the pro- 
tractor, thus ensuring a more accurate result. A check on 
the accuracy of the angles can also be obtained in a triangn- 
ation by observing all the three angles in any triangle ; 
which, if correct, will amount to 180°. 

It will be seen that the above survey might have been 
effected by a chain traverse, as described in Ch. IV., page 50. 


2, Lakes, meres, and large ponds are surveyed and 
planned in the same manner as the wood given above. For 
instance, the following figure represents a gulf or inlet of the 
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sea, a plan of which is required to adapt it for the purpose 
of a harbour for ships. 

The coast here shown is the boundary of high water. The 
survey begins at © A, station points being fixed at BOD 
EF and G, and angles taken 
at Ato and G. The line 
B A, being first. prolonged 
backwards to high - water 
mark, is then measured to B, 
and the angle A B C taken. 
Similarly all the succeeding 
lines are measured, and the 
angles taken ; also at F and 
(é the angles are taken to © 
A, and the line FG pro- 
longed to high-water mark, 
all the offsets being taken as 
the work proceeds. 

The figure may now be laid down, precisely as in the last 
example, the magnitude of the angles showing the directions 
of the lines, and the lines A F, A G, which could not be 
measured on account of the great width of the entrance of 
the harbour, proving the work by means of the angles 
taken at A ae F and G. 


The Survey of Roads and Rivers. 


1. The following figure represents # river, the plan of 
which is required for the purpose of improving its naviga- 
tion, &e. 


Stati «1c get up, ator near the principal windings of 
the een, a: pe aes cD and E, the line A B is measured, 
and the offsets taken to the nearest bank of the river, its 
opposite bank being determined by a series of lines and 
angles measured on the opposite side similar to those here 
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described and connected with them, thus the line B C may 
be produced for this purpose across the river. A flag is left 
at © P in AB, where the sight, in the general direction of 
the river, is unobstructed for a considerable distance. The 
measuring of A B being now finished, the angle at B is 
taken, which, being less than 180°, shows that B C turns 
to the left. On measuring to C the angle there is found 
to be greater than 180°, showing that C D turns to the 
right ; and thus the work proceeds to © E, where an angle 
is now taken to the now-distant flag at P. This last angle 
will prove the accuracy of the work when laid down. 


2. If a road be represented by the winding figure in the 
last example, it may be surveyed in the same manner, ex- 
cepting that the system of lines ABC DE must be upon 
the road, instead of the side of it, that the offsets may be 
readily taken to the right and left of the several lines, 
recollecting to leave a flag in or near the first line, as at 
© P, in the last figure, to which an angle may be taken, 
a the survey has proceeded a distance, to prove the 
work, 


The Survey of a Part or the Whole of a Town, 


Case I.—Commence the survey at the meeting of three 
or more of the principal streets, through which the longest, 
lines of sight can be obtained, for the purpose of laying out 
the main lines, Having selected a proper station, fix the 
theodolite thereon, making a line in one of the principal 
streets a base line, and directing it to some prominent or 
well-defined point upon which the theodolite can subse- 
quently be planted. If uo natural station point is ayail- 
able, one must be made, and the centre indicated by an iron 
nail driven into the pavement. All station points must be 
very carefully noted in the field book, and dimensions taken 
to each from three or four corners of buildings, or other 
points, so that the centre of the point of observation can be 
easily found at any time. Angles must first be taken be- 
tween the base line and the other lines diverging from the 
first station, defining carefully the directions of these lines. 

This done, measure these lines with the chain, taking 
offsets to all corners of streets, bends, and to all remarkable 
objects, as churches, public buildings, &ec. ; also, defining 
the extent of buildings belonging to each separate owner, 
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or joint-owners, if such buildings are required to be taken 
down for engineering purposes, or for improvements: at 
the same time recollecting to leave stations opposite the 
ends of the streets to the right and left, and to take the 


angles of the directions.” This operation must be repeated 
on the other main lines, till the survey is completed. It is 
not sufficient to take offsets only at right angles to the 
chain, Two offsets at least must be taken to each point 
from conveniont readings on the chain, thus forming a 
small triangle for each. The points on the chain must be 
noted at which the sides of buildings at the corners of 


streets would cut the chain-line if produced. The angles 
must be taken of the bearings of two lines one with 
line with the mag- 


another, and not of the bearing of one 
netic meridian, as this method is unsuitable in town survey- 
ing owing to the influence of metallic attractions such as 

pipes, iron posts, &c., on the needle. 
Thus, having fixed the theodolite at A, take the angles 
referring them to the base line A B, 


of lines meeting there, ase line A 
that the magnitude of the angle may show their direction : 


then measure A B, taking offsets to the buildings of different 
proprietors, as to the buildings marked a bc, &ec., on which 
the dimensions of their several parts, yards, &c., must be 
measured and put in the note book, that they may he aceu- 
rately mapped, preparatory to their valuation for parish 
rating, or if required to be taken down for engineering 
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purposes or for improvements ; stations being left at m and 
n for the lines in the streets on the right, strong iron pins 
being driven into the crevices of the pavement for this 
purpose. The measurement thus proceeds to © B, where 
the angles of the streets diverging from it are now taken. 
The line BC is next measured in like manner, and the 
angles taken at © C; after which the measurement pro- 
ceeds to © n in the base A B, thus constituting the triangle 
n BC; a station being left at Din Cn. From © D the 
survey proceeds to © K, the angles being taken at K, and 
from thence to © A, where the work commenced; a station 
left in the line D E at o for the line to@m. In this manner 
the survey may be continued to any required extent. It is 
not necessary to take angles at all stati@ns, as the lines from 
these are merely filling-in lines between the main lines of 
the survey. 

This survey, so faras it has héen here shown, may be plotted 
independently of the angles taken with the theodolite, by 
first laying down the triangle x B C, and then determining 
the position of © E by intersection from stations A and D, 
. when the line mo will prove the work. But it rarely 
happens, in the practice of town surveying, that a funda- 
mental triangle can be obtained sufficiently large to lay 
down the work in this manner ; it is merely here shown 
that such a case is possible ; for had the street in which 
the line C is measured, been so bent as not to admit 
of a straight line along it, the use of the theodolite would 
have heen indispensable in this survey. Assuming, there- 
fore, that C n is not a straight line, but bent at © D; 
then, in the five-sided figure A BC D E, the accuracy 
of the measurement of the angles may be proved, by 
taking the sum of all the interior angles, which should 
equal 540°, viz. : twice as many right angles as the figure 
has sides less four right angles, and the work further 
proved by the closing of the lines at © A as well as at 
the several other stations. 

As a further check on the accuracy of the observa- 
tion of the angles, the supplement of the angles should 
be observed also; thus at the station B, assuming the in- 
terior angle A BC to be 87° 30’, the exterior angle 
should he 360° — 87° 30’ = 272° 30’. 

The notes in the field book in this case are entered in 
the same form as those given in the chapter on chain 
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surveying, excepting that the entries must be made at a 
sufficient distance apart to allow sketches of buildings, 
yards, gardens, &e., to be clearly made, with the measures 
of their several parts put on them in feet and inches. 

The chain of 100 feet must be used in all town surveys. 


Case II.—If a very large town be required to be sur- 
yeyed, the best method is to measure a base line of con- 
siderable length, on elevated and open ground outside 
the town, and at two stations at its extremities take 
horizontal angles to the towers of churches and other lofty 
puildings in the town, and the intersections of the lines of 
sight from these angles will determine the positions of the 
towers, &c.: these may then be made stations for the 
survey of the several streets, which may now be conducted 
in the manner shown in Case I. Moreover a third station 
must be taken in the hase line thus measured, at which angles 
must be taken to all the towers, &c., which angles being 
laid down, their lines of sight will pass through the inter- 
sections of the lines of sight taken from the other two 
stations, if the work be correct; otherwise an error has 
been made in taking some of the angles, which must 
be corrected before the survey of the streets, &e., be 
commenced, 

The several distances of the towers and other lofty 
buildings may be calculated by trigonometry, and the 
several lines, or triangulation, connecting the said towers, 
&se., may thence be laid down as shown below. | 

Case III.—If the town be long and narrow, with straight 
openings across, either through straight streets or partly 
through streets and gardens, a triangulation may be formed 
on the open ground outside the town, and the main lines 
may be connected by other lines passing through these 
openings, in are stations may be obtained for the survey 

other streets. : j 
of The observation of angles is best effected in the early 
morning, before the commencement of the traffic, and this 


remark applies also to linear measurements in the principal 
streets, : 
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To Determine the Positions of Several Distant 
Points, by taking Angles at two Stations at 
the Ends of a Given Line. 


Let A, B, C, D, E, F be six stations, the positions of 
which are to be found. Measure aline M N on level 
ground, and such that all the stations may be seen from M 
and N, and at each 
of the stations M 
and N, take angles 
with the theodolite 
to all the stations ; 
its zero, in taking 
the angles at each 
station, being di- 
rected to the oppo- 
site end of the given 
line, that the mag- 
nitude of the angle 
may determine the 
BE civsetion a ee 
A 5 ine of sight to the 
distant stations, The line M N being then laid down, and 
the angles taken at its extremities, the intersections of the 
lines of sight M A, M B, &c., and of N A, NB, &., will 
determine the positions of the several distant points A, B, 
&e., from whence their distances may be found and 
other base lines laid down for the further extension of the 
survey if required. 

The accuracy of the work may be proved by taking a © 
9, at any point in M N, and from thence taking angles to 
all the) distant stations 3 which angles being laid down, 
their lines of sight will pass through the intersections A, 
B, &c., if the work has been correctly done. 

When all the distant stations or objects cannot be seen 
from two given stations, then three stations may be taken, 
or as many as are necessary ; connecting the stations thus 
used, by Measuring their distances, and proving their 
positions by other lines, or by angles: the zero of the 
theodolite in taking the angles to the distant stations being 
always directed to the last given station. Moreover, the 
angles to all remarkable objects that can be seen from two 
Siven stations may be taken at the same time; thus may 
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their positions also be determined by the intersection of two 
or more lines of sight. In this manner very extensive 
surveys may be effected, the accuracy of the work being 
occasionally ehecked by measuring the distances of some 
of the distant stations where it can be most conveniently 
done. The distances from A to B, from B to C, &., may 
be caleulated by trigonometry. 


To Verify and Prolong a Base by Triangulation. 


Besides the marks at the extremities of a base line— 
which, if the base is to form a groundwork for a survey of 
considerable extent, should be constructed so as to be per- 
manent as well as accurate—intermediate points should be 
carefully determined and marked during the progress of 
the measurement, by driving strong pickets or making some 
other clearly-defined mark, these marks serving for testing 
the accuracy of the : 
different portions 
and comparing them 
with each other. * 
Thus :— 

Let A B represent 
the portion of the 
base actually mea- 
sured, and BC that 
to be added. by caleu- 
lation for the purpose 
of extending the base 
to ©, in order to ob- 
tain a more eligible 
termination. 

The points E and D 
having been marked K 
during the measure- } ; 
ment, the stations I’ and G are selected so that the 
angles at E may be nearly right angles, and the distances 
EE and EG each about = A E. Similar conditions 
determine the positions of H, I, K, and L, At A, as well 
as at every point previously marked on the base, and 
selected on each side of it, angles are observed to every 


other point. 


© Fromo’s “ Trigonometrical Surveying.’ 
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With these data, the lengths G Hand E F are determined ; 
from each of these E Dis obtained by calculation ; and from 
AE and ED and AD as bases, I D and D H are obtained ; 
and lastly by similar processes, B L and B K are found as the 
mean results of many operations all tending to check each 
other, B C is finally obtained from B L and B K indepen- 
dently used as bases in the triangles B L C and B K C. 

In this manner the Irish base on the plain of Magiliigan 
was prolonged about two miles, the termination of the 
north end of the base being ill-adapted to serve as a 
station for general observations of the angles. 


Surveying with the Magnetic N’ eedle. 


The following is an example of a survey made from 
bearings with the magnetic meridian.* 

At alet the bearing of « d be 91° 5’ east, and the bear- 
ing of wb 136° east ; note this at the commencement of the 


line a 6 before you commence chaining. On reaching the 
point } take the bearing of b a, and let this be 136° 5’: note 
this at the end of the line and take 136° 23’ for the mean, 
or corrected bearing, east and west of the linea}. In the 


* © Mathematical Instruments,” by J, F, Heather, © 
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same manner, let the mean bearing of b¢ equal 89° and that 
of cd equal 30°. At d take the bearing of d a and let this 
be 91° 10’; then the mean or corrected bearing of « d or 
i. f will be equal to 91° 73.. The angle dad is equal to 
136° 2/ minus 91°73’, or to 44°55’. The angle.a de 
is made up of the angles « b N and N bc; a@bN is 
equal to 180° minus 136° 2}’, or to 43° 574; and N b ¢ 
being 89° the angle w bc is equal to 43° 574’ plus 89°, or 
to 132° 578. ‘The angle dc d is made up of the angles 
be NandN ed; bc N is equal to 180° minus 89° or 
to 91°, and N ed being 30°, d cd is equal to 91° plus 30° 
or 121°. Lastly, ¢ da is equal to S d @ minus d ¢; 
S dais equal to 91°73’; and S d ¢ being 30°, ¢ d@ a is 
equal to 91° 72’ minus 30°, or to 61° 72’. 

Now 44° 55" + 132° 574’ + 121° + 61° 74! = 360°. 

In the same manner we may check the triangle d ¢ i 
the three angles of a triangle being equal to two right 
angles. Observe that three more filling-in lines have been 
run from gon A B, to h on CD, and that a tie line has 
been chained from d to i forming » further check upon the 
work; for, if in plotting, d or i lean one way or the other 
out of position, then the line d é will not plot truly. 


Latitude and Longitude.—The transit theodolite, 
being fitted with a vertical circle, and mounted in the same 
way as a transit instrument, may be used for ascertaining 
the latitude of any place. (The reader, when perusing 
this paragraph, may conveniently refer to a Chart of the 
World, where he will find latitude and longitude marked.) 

The meridian of any place is an imaginary circle passing 
through both poles and the particular place—its plane thus 
dividing the globe into two hemispheres. It derives its 
name from the fact that, every place in the globe having its 
meridian, it is midday or noon when the sun arrives above 
this circle. It is necessary to keep in mind that a line, 
called a vertical line, and being perpendicular to the earth’s 
surface at any point, corresponds with the direction of 
gravity ; in other words, if produced inwards it would reach 
the centre of the earth, and if produced outwards, would 
cut the heavens in the zenith. 

Latitude is the angle which a vertical line at any place 
makes with the plane of the equator, in the meridian of 
that place, It is called. north, or south, according as the 

H 
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place is situated on either side of the equator. The highest 
or greatest latitude is 90°—that is, at the poles. 

The latitude of a place is determined by the transit 
theodolite, either by observing the position of the pole star, 
or (if the instrument has a sun glass) the sun. In January 
at 6 v.M., the pole staris due north, and in other months 
at other recorded times. The sun is due south at 12 
o'clock on the 16th of April, the 15th of June, the Ist of 
Sept., and the 25th of December. 

For other days the variation is recorded in the ‘ Nautical 
Almanack,” from which the time of the sun’s southing is 
known. 

In the earlier days of the Ordnance Survey the pole 
star was used for determining latitudes. Subsequently 
observations were taken exclusively with four stars of the 
constellation Ursa Major, and to the star 51 Cephei. 

Difference in longitude is the angle between the meridian 
planes of two points, and in this country is determined 
with reference to the meridian of the Royal Observatory at 
Greenwich, More commonly it is defined as the are or 
portion of the equator intercepted between the meridian of 
a place, and some meridian selected as a starting point (as 
the Greenwich meridian). Longitude is expressed either 
in degrees or minutes, or in time, for since any point on 
the earth’s surface passes through 360° in twenty-four 
hours, 15° are equivalent to one hour. 

Longitude is generally calculated by a good chronometer 
set to Greenwich time, by ascertaining the difference 
between it and the local time at any place determined by 
observation of the sun. 


* Stanloy’s Surveying Lustruments.”’ 


CHAPTER VIIL 
LEVELLING. 


Levelling is defined in the “Imperial Dictionary ” as fol- 
lows : “The art or operation of ascertaining the different 
elevation of objects on the surface of the earth ; the art or 
practice of finding how much any assigned point is higher 
or lower than another assigned point.” This difference in 
clevation is determined with reference to an assumed line, 
called a level line, the extremities of which are equidistant 
from the earth’s centre, and which is called a line of true 
level. Owing to the figure of the earth being an oblate 
spheroid, such line is in reality a curve, parallel with the 
surface of the earth. A line which coincides with or 
‘e as to the horizon is called a line of “apparent” 
evel, 

There are many instruments used in levelling. They can, 
however, all be reduced to one of five classes, and all classes 
depend upon one principle, viz, the action of terrestrial 
gravity. ‘These classes are :— 

(1) Those in which the plumb a 
line, the horizontal line being at right angles to this, An 
example of such instrument is the mason’s plumb rule. 

(2) Those which indicate a horizontal line by the surface 
of a fluid at rest, free from local disturbing influences. 
Such conditions ave best obtained in a closed tube partially 
filled with liquid, such as the bubble tube of the spirit level, 
the bubble of air occupying the highest point of such tube. 
A simpler example is the water level. cosets 

(3) Those in which the difference of level is indicated by 
measurements of clevation or depression taken by angular 
instruments, such as the theodolite. b 

(4) Those in which the difference in level is indicated by 
the difference in pressure of the atmosphere due to its 


line indicates the vertical 
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density at corresponding altitudes. An example of such an 
instrument is the barometer. 

(5) Those in which the difference in level is indicated by 
the point of ebullition (or boiling point) of water, which 
takes place when the tension of its vapour just overcomes 
the surrounding pressure of the atmosphere. An example 
of such an instrument is the hypsometer. 


Levelling Instruments. 


Class I. The Plumb Rule.—The foregoing reference 
to this is sufficient to show its practical application to this 
subject. 


Class II. (w) The Water Level.—This is a simple 


_ contrivance and can be easily made by anyone. It consists 


of two vertical tubes connected by a horizontal one, the 
whole being filled with water, coloured for convenience. 
The instrument is set so as to turn on a light stand. When 
the water is at the same height in the two vertical tubes 
the surfaces are level, and a horizontal line can be sighted 
with reference to them. 


(b) The Mechanic's Level is the simplest, form of 
spirit level. It consists of a glass tube, filled partially with 
alcohol, and hermetically sealed. It is impossible to manu- 
facture a tube perfectly straight, and all tubes are placed 
with the most concave surface internal. The tube is fixed 
in a hardwood frame with a brass cover. ‘The cover has an 
opening wherein the bubble can be viewed, 


(c) The Surveyor’s Tevel.—The level more commonly 
in use is the “dumpy” level, and is a development of that 
originally designed by Gravatt. A level known as the Y 
level from its being mounted in Y’s, in the same way as the 
theodolite, is also sometimes more rarely met with in this 
country. It is the oldest kind of surveyor’s level, and has 
fallen into disuse, owing to the number of its loose parts. 
Tt is not proposed in this work to do more than briefly 
refer to the Y level. 

Mr. W. F. Stanley, of Great Turnstile, London, has 
kindly permitted the drawings of the dumpylevel that follow 
to be reproduced here, and the description thereof is mainly 
compiled from his work on “Surveying Instruments.” 
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The surveyor's level consists essentially of a telescope 
with diaphragm at mutual foci of objective and eye-piece, 
the axis of the telescope being placed in a truly parallel 
direction with the crown of a sensitive level tube. The 
whole instrument is adjustable to a position of verticality 
of its central axis, and horizontality of telescope, in _rela- 
tion to the surface of the earth, in what is termed the 
setting up of the instrument; so that when it is set up 
in this position levels may be taken from it in any hori- 
zontal direction from one point of observation by rotation 
of the telescope about its vertical axis, 


The Dumpy Level consists of a telescope similar to that 
of the theodolite, fully described in the chapter on angular 
instruments (see page 64), and carries a ray shade RS at the 
object-glass end. The eye-piece EP is adjustable to webs 


in the telescope by pressure in or out. ‘Two straps or bands 
are accurately soldered round the tube of the instrument, one 
of which carries a hinge-joint and the other a pair of Locking- 
nats to support the level tube G C, which at the same time 
permit its adjustment, . The lower part of each strap-piece 
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is left a solid block of metal to give very firm support to 

the telescope as it rests upon the limb L beneath. ‘The 

limb may be either a casting with a socket screw only in 
its centre, or a compass box may be formed in the centre, 
mud the socket screw placed under this as is shown in the 
gure. 

Vertical axis and parallel plates.—A is a screw by which 
the parallel plate foot is attached to the limb of the instru- 
ment; M a large milled head by means of which the screw 
can be brought up firmly to its collar; SS! the socket 
which is ground to fit the cone ©; C forms a part of the 
upper parallel plate UP; B is a ball-pin which screws 
firmly into C; LP lower 
parallel plate, part of which 
forms the lower ball socket, 
so that the whole instrument 
rocks about the ball B as a 
centre by the action of the 
parallel plate screws P'S; B’ 
female serew for fixing to 
tripod head. ‘The parallel 
plate screws are tapped, that 
is, have female threads cut into 
the upper plate, U P and their 
points press the lower parallel plate L P at certain points, 
there being a stop-piece placed round the part of one screw 
to prevent rotation. The tripod stand is similar to that 
of the theodolite. The diaphragm of the dumpy level is 
generally webbed with two vertical webs and one hori- 
zontal, but is in other respects similar to that of the theodolite 
(see page 65), to which the reader is referred. In use the 
image of the staff, to be described Inter, is brought between 
the vertical webs which indicate whether it is held upright. 
The upper margin of the portion of the horizontal web 
between the two vertical ones is the index of level to 
which all readings are made either for the adjustment or 
for reading the levelling staff in the field. ‘The diaphragm 
of the level is adjustable by two vertical screws. 

Subtense or stadia webs—It is very advisable in all levels 
to have two extra webs (or lines, cut in the glass diaphragm) 

laced one on each side of the central horizontal web, or 
lines, fixed at such distance apart that the image of 10 feet 
of the staff, when placed at 10 chains distance, may exactly 
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cut the inner space between the lines. These webs, or lines, 
may be used as a means of measuring distances often more 
exactly than can be performed with the chain if the surface 
of the land is irregular. If the webs, or lines, are separ- 
ated so as to subtend an arc whose chord is 10 feet at 
10 chains, it is easily seen that one foot of staff will repre- 
sent this chord at one chain, and that each -01 of a foot 
will represent one link in distance. 


Improved Dumpy Level.—An improved dumpy level 
is now made of which the vertical axis is fixed directly upon 
the limb, and not through a loose screw fitting for separa- 
tion at this point as in the ordinary dumpy. The setting- 
up adjustment is upon tribrach limbs with three screws 
only. These screws never strain the vertical axis. A level 
tube more sensitive can be put in than in the ordinary 
dumpy. Instead of the horizontal line forming the web of 
the diaphragm, a finely-pointed platino-iridium needle 
existing half-way across the diaphragm indicates the hori- 
zontal line of collimation by means of a point. 


The adjustment of the level over the three screws is here 
inserted for convenient reference. f 

Setting up Level in tribrach system of improved dumpy.— 
The level is first set parallel with any two of the screws, 
and the long-bubble adjusted by these screws to the centre 
of its run. The cross-bubble is then adjusted without 


moving the level, by the third screw only, which adjusts at 
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right angles to the first adjustment. When the cross-bubble 
is correct the long-bubble may have been slightly disturbed 
by the last process; therefore this may be returned to for 
final adjustment, and the instrument rotated to see if it is 
in good adjustment all round. If not, slight adjustment 
may be made alternately with the telescope turned over 
the remaining screws, so that all adjustments are in this 
manner finally made by the long level tube. 
The adjustments of the ordinary dumpy lerel ave— 


(1) Adjustment for parallax. 

(2) Levelling the plates by the parallel screws. 
(5) Adjustment of the horizontal limb. 

(4) Adjustment of the line of collimation. 

(5) Adjustment of the vertical limb. 


The adjustments 1 and 2 must be made on each occasion 
the level is used. The adjustments 3, 4 and 5 are made 
by the instrument maker before the level leaves his works. 
The engineer may attend to Nos. 3 and 4, but in case the 
adjustment No. 5 is required, the instrument should be 
sent to the maker. 

(1) The adjustment for parallax is the same as that described 
for the theodolite in chapter on angular instruments (p. 65), 

(2) The levelling of the plates by the parallel screws is also 
similar to that described for the theodolite with the excep- 
tion that the level tube G C in the illustration, page 101, 
is used instead of the levels O and I (Fig., page 61). 

(3) The adjustment of the horizontal limb.—Place the tele- 
scope over two of the parallel screws and bring the bubble 
of the level by means of them to the centre of the run, 
Turn the telescope 180°, so that the eye-piece rests in the 
same position as the object glass did on the first placing of 
the telescope. Ifthe bubble is not now in the centre of 
its run correct for half the error by the parallel screws over 
which it rests, and for the remaining half error by the 
hinge-joint and locking-nuts which support the level on the 
telescope. Repeat the operations till the bubble remains 

in the centre of its run in both positions of the telescope. 
Then turn the telescope over the other pair of parallel 
crews, and perform the same adjustments as described, 
fhe bubble should now retain its position in any direction 
‘le telescope is turned, showing that the internal axis 
about which it turns is truly vertical. If it does not, and 
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if the error is serious, the instrument should be sent to the 
maker, and the adjustment No. 5 referred to, be made by 
him as already explained. 

(4) Adjustment of the line of collimation.—The line of colli- 
mation has been fully dealt with in the part of this work 
referring to the theodolite. The mode of adjustment in 
the two instruments varies, that for the dumpy level being 
as follows :—On a tolerably level piece of ground measure 
100 fect exactly, and mark with a peg A and C on each 
side of a central peg B thus :— 


A B C 
(9) © © 
100 feet. 100 feet. 


The pegs are to be driven down, so that the upper sur- 
faces are level, which must be ascertained with an ordinary 
mechanic’s level. The adjustment of the horizontal limb as 
described above must be examined, and if not accurate made 
so. Then plumb the level exactly over the centre peg, and 
take a reading from a Sopwith’s levelling staff (as described 
later) on the peg A. Place the same staff on C and take 
the reading of this, Raise or lower, as may be required, 
the peg A or the peg C, until the reading from point B to 
each is the same. ‘This gives a perfect level. Whatever 
error there is in the diaphragm, being equal for each dis- 
tance A to B and B to © will not affect. the case. Next 
take the level and adjust it at a point D in line with the 
other pegs, and 20 fect further from B than the point A, 
as shown thus :— 


D A B 6) 
© © (0) (0) 
20 feet. 100 feet. 100 feet. 


Then with the level at D take the readings on the pegs 
AandC, These should be exactly alike, and if not the 
line of collimation is in error. To adjust it correct for half 
the error in the readings by the parallel plate screws and 
for the remaining half error by the screws to which the 
diaphragm is attached. 


Levelling with the Mechanic’s Level.—This is the 
simplest form of levelling, and is commonly done in build. 
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ing operations, A wooden straight edge 9 to 10 fect long 
about 4 inches wide and 3-inch thick, to prevent warping, 
is used. It should have its faces and edges planed straight 
and true. The level is laid on the centre of the straight 
edge, one end of which is set on the place, with reference 
to which the level of a further point is required. The 
straight edge is raised at one end until the bubble is in the 
centre of itsrun. The level is then reversed to see if it is 
true. If there is a difference between the positions of the 
bubble tube of the level in its two positions, the straight 
edge should be finally fixed so that the mean of the two 
positions of the bubble may be taken. ‘The tivo points, on 
which the straight edge ‘rests, are now level, and any 
number of points may be found by continuing the process 
described. : 


Boning Rods.—A quicker method of the simple class of 
levelling is effected by the use of boning rods. These are 
three in number exactly similar, usnally 3 feet long, 3 inches 
wide, and }-inch thick. They have a cross head about 6 
inches long. Paviors use them, and for draining they 
are indispensable, but are in this case usually of greater 
length than 3 feet. The method of using them is as 
follows :— x 

One boning rod is set up at the starting level point, and 
another at such a distance that the straight edge described 
above ean conveniently rest on it, ‘The second boning rod 
is raised or lowered as required until the straight edge is 
level, as indicated by a mechanic’s level. A third boning 
rod is then set up atasimilar distance, and the straight 
edge set upon the second and third boning rods, but so that 
that part of the level which, when set up between rods 
1 and 2, pointed to rod 1,.now points to rod 3. The third 
rod is raised or lowered until the straight edge between 2 
and 3 is level. A line now joining the tops of 1 and 3 
will be truly level, as any error in the level has been 
neutralized by the reversing process, between rods 2 and 3. 
The rod 2 can now be removed, and can be set up at any 
distance, or boned, as it is termed, so that the top of it isin 
line with the tops of Nos. 1 and 3, forming a level line. If 
a point say 6 inches below or above the starting point 
is desired, the line is boned level as described, and the 
third rod then raised or lowered the required distance, 
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Any intermediate points between the first and third rods 
can be found by boning in between, these points, so that 
the tops of the three boning rods are always in a straight 
line. 


Levelling with the Surveyor’s Level. The Levelling 
Staff.—With the surveyor’s level the vertical distances are 
determined from the surface of 
the ground to the point on a staff, 
resting on such surface, at which 
the cross web of the diaphragm, 
being in the optical axis, or line of 
collimation of the level, cuts the 
staff. 

There are many kinds of such 
staves, but that now generally in 


use in this country was invented 
by Sopwith, and is known as the 
Sopwith staff. It is 14 feet in py = 
height, divided into three parts, fill eld 
sliding together, the two upper = 
fixed by spring catches, The staff — eee 
is divided into hundredths of a | = 
foot, each hundredth alternately il~= ¥ 
coloured black and white. The 6= 
feet are shown in large red figures, = = 
and the tenths by large black = 
ones. =s/-- 

The illustration will show the ! Ll = 
method of reading the staff. In) })))""S—)--~ 
some staves, and with great ad- | = ; 
vantage for reading at close dis- |)! =—|~ 
tance, small red figures of the H \= 
number of feet are placed between i =e he, 
the large red ones. Staves can |= 130. 
be had either with the measure- c= | - 
ment as above painted on, or with } Cz 
papers so marked pasted on the (| == 
staff. The painted staves are = 

=— 


recommended as more accurate, 
and as wearing better and keep- 
ing cleaner. 


CHAPTER IX. 
LEVELLING (continued). 


Curvature and Refraction.—In levelling there are 
two important elements to be considered, which if not taken 
into account will, in extended operations, result in serious 
error. They are— 


(1) The curvature of the earth. 
(2) Terrestrial refraction. 


Tt will be shown later how in ordinary practice the 
possible errors arising from these causes can be very simply 
eliminated without calculation, but occasions may occur, 
as in the following examples, when corrections of apparent 
level must be undertaken. 


* The curvature of the earth—At the beginning of the last 
Chapter (p. 99) it was shown that, owing to the figure of 
the carth being that of an oblate spheroid, a line of true 
level is in reality a curve, the extremities of which are 
equidistant from the earth’s centre. ‘The difference between 
the apparent level, as indicated by the line of sight of the 
telescope of the level, and the line of true level, or line 
parallel with the contour of the earth, is +o» of a foot at a 
distance of 650 feet from the instrument. ‘The following 
demonstration will more fully explain the source of error, 
and the correction to be applied. i 

Let BDE be a horizontal line—that is, such as would 
be given by the line of sight of a level properly adjusted ; 
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BCF an arc of a great circle of the earth; and <A its centre. 
& Jt will at once appear from the 

5 D E figure, that the heights DC, El 
; o of the apparent level B E, above 

the true level,increase successively 
from the point B. The height , 
EF of the apparent level above 
the true, is equal to the square 
of the distance B E divided by 
twice the earth’s radius A B, that 


BE 


is EF =FAB and similarly 


DG=- 
corrections for curvature, DG 
EP, Ge, vary as the squares of the distances BD, BE, &e., 
since 2 A.B is a constant quantity. 


AD &e., therefore the 


A 


Correction for curvature.—Taking the earth’s radius to be 
39563 miles, and assuming the distance BD to be 1 mile, 
then the correction for curvature DC = BD*+2AB= 
J+ 7913 = ripy of a mile = 8-007 inches = nearly 8 
inches. If the distance BE = 3 miles, then the correction 
EF =BE +2AB= evr; = 720637 inches, or more 
than 6 feet. 

Let any distance BD = d in miles, and the correction for 
curvature for 1 mile be taken = 8 inches = of a foot, 
which it is very nearly ; then, 7, 

correction =—3~ feet, 


for any distance d in miles ; 


and let-g5 = d, ¢ being chains ; then 
De Aas 
v 
for any distance ¢ in chains. 
—Refraction is “the term generall y 
applied to change of direction impressed upon rays of 
light traversing a medium the density of which is 
not uniform, as for instance the atmosphere. Terrestrial 
refraction is that refraction which makes terrestrial objects 
appear to be raised higher than they are in reality, This 


correction = 


Ferrestriul refraction. 
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arises from the air being denser near the surface of the 
earth than it is at a higher elevation, its refractive power 
increasing as its density increases.” * 


. 

Correction for Ltefraction, — The correction for refrac- 
tion varies with the state of the atmosphere, but it may 
generally be taken at } of the correction for curvature, as 
an average; and since refraction makes objects appear 
higher than they really are, the correction for it must be 
deducted from that for curvature. 

Evample 1. Required the correction for curvature and 
refraction, when the distance of the object is 24 miles. 


2 = 2 x 6:25 
3x (2°5*) =—_y_ = 4166 cor. for curvature. 
Lof whichis ................ °595 cor, for refraction. 
Difference................06 ...3°571 feet, cor. required. 
Evample 2. Requived the correction, as in the last 
example, when the distance is 60 chains. 
60? + 800 = 4:5 cor. for curvature. 
2 of which is | 3 cor. for refraction. 
Difference ... 3°857 inches, cor. required. 


3 


Example 3. From a point in the Folkestone road, the 
top of the keep of Dover Castle was observed to coincide 
with the horizontal wire of a levelling telescope, when 
adjusted for observation, and therefore was apparently on 
the same level; the distance of the instrument from the 
castle was 4} miles. Required the correction for curvature 
and refraction, that is, the true height of the keep of the 
castle above the point of observation. 

9 


5X (45 = 13-5 feet, cor. for curvature. 
vo 
oy 
} 


of which ... 
Difference . 
The Table set out on the following page shows the allow- 


ance to be made for curvature and refraction for distances 
varying from 4 mile to 30 miles :— 


# « Imperial Dictionary.” 


1:93 feet, cor. for refraction. 
11°57 feet, cor. required. 


Table of Allowances for Curvature and Refraction. 
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( Difference between apparent and true 


lovel for distances in miles. 


Difference between apparent 
and true ReelsG fon distances 


ind 

| Correction in feet and decimals. Correction in haine Grice 
| - 
| ] = 

< | For cur- 
[Dist. in| or eurva-] For, x eee cee Dist. in|For cur- For re-| vature 
| miles, | ture, fraction. | \refraction. | | Chains. | vature. |fraction. and 2a85 
\ = | e 
| | 
| } “000 “001 

B 002 


“002 
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- Procedure in Levelling with the Surveyor’s Level. 
—Levelling operations with this instrument are divided 
into— 

(1) Simple levelling, which consists in ascertaining the 
difference in level of one point from another, the point 
being located, so that both can be seen from the place where 
the level is set up. 

(2) Compound levelling, of the same class as the first, but 
extended, consisting, in fact, of several simple levelling 
operations connected together. 

Ordinary examples of compound levelling are— 

(1) The taking of “flying levels,” or the ascertaining of 
the levels of the various points in a line of country as a 
rough guide to a general configuration of the surface, and 
also to determine the levels of certain points to serve as 
starting points for future levelling operations. 

(2) ‘The taking of levels over what is known as a section 
line (defined later), such line being previously set out over 
country already delineated on a plan, the horizontal dis- 
tances being measured at the same time as the levelling 
operations proceed. Ancillary to this is the talting of “ cross- 
sections,” or the ascertaining of the level of the surface for 
a required distance on one or both sides of the section line 
at certain fixed points. 

(3) Contouring. This is defined and separately dealt 
with in the latter part of this chapter. 


Record of Results of Levelling Operations.—Levels 
can be recorded in several ways :— 

(1) In a book for future reference. ‘ 

(2) Ona plan, the point at which a level is taken being 
marked, and the reduced level written adjoining it. 

(3) On asection (to be explained hereafter). 

(4) On a plan by means of contour lines, 


Curvature and Refraction in Ordinary Opera- 
tions.—In ordinary operations corrections for curvature 
and refraction are seldom applied, the level being usually 
placed midway between the stations the levels of which 
are to be observed ; hence the resulting corrections for each 
station are equal, and the difference therefore of the levels 
at the two stations is as truly shown by the difference ~of 
the readings of *F two staves fixed thereon as if the 
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cotrections had been made. Thus the trouble of making 
these corrections is avoided by simply placing the instrument 
midway between the two staves. In practice, it happens from 
time to time that, owing to the nature of the ground, it 
is impracticable to plant the level midway between the 
two stations. In such case—remembering that a distance 
of 650 feet produces an error of -01 foot owing to curvature 
—the station should not be far from the level, and the 
accuracy of the observation will be unimpaired. 


Precautions in Levelling. 


The greatest care is required in levelling, both on the 
part. of the observer at the instrument and of the man who 
holds the staff. The observer should explain to the staff- 
holder the important part he serves by the proper discharge 
of his duties. He should be shown that each of the teles- 
copic staves must be drawn out to its full length, and 
told to keep his eye on the spring catch securing them. 
He must always hold the staff in a vertical position, and 
in windy weather it requires some attention to do this. 
Tle should also be shown how to select suitable station 
points, such as stones firmly fixed in the road away from 
the main traffic, if levelling is being conducted along such 
a road. 

In the case of levelling through the open country he 
should be provided with a small circular footplate with 
convex boss, which any blacksmith can make. When he has 
once held the staff on the station point he must not leave 
it without the express direction of the observer at the 
instrument. The observer should read each station twice 
at the least, and the custom of the author is to read it 
three times. In the case of an intermediate sight it is not 
necessary to read more than once, excepting in the event 
of desiring to ascertain the level of a fixed point, such as a 
doorstep, or some other point which the observer desires 
to set up for future reference. Such fixed points are 
technically termed “bench marks,” as distinguished from 
those of the Ordnance Survey, Which are known as Ordnance 
bench marks. When reading stations and such inter- 
mediate points the bubble should be examined to see if it 
is in the centre of its run, and if not, made so, prior to 
taking the reading, In examining the final position of the 

q 


+ 
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bubble, the observer should stand at right angles to it. All 
readings should be made with the top edge of the exact centre 
of the horizontal web, as in some levels, although the centre 
is the line of collimation, the web is not exactly horizontal. 

Levelling should not be done on very windy days, as the 
same standard of accuracy cannot be secured, and similarly 
not in the rain, as the lenses are obscured, and sometimes 
the webs of the diaphragm are broken. 


Simple Levelling. 


In the description of the dumpy level it was explained 
that the point at which the optical axis—or line of colKima- 
tion of the instrument as indicated by the horizontal web 
of the diaphragm—cuts the image of the staff, was the index 
of level. 

To find the difference of level between two points A and 
C, set up the level ata point B equidistant from A and C, 
as can be judged by the eye. Adjust the level 
t for parallax, The rule for difference of level 
is “more staff, fall in ground; less staff, rise,” since in 
the first case the ground is farther from the line of collima- 
tion, and in the second case less, the line of collimation being 
level. 


Evample 1. 


Reading on staff at A as found is 10°66 
Reading onstaffat © ,,_—_ is 11°78 (or more staff) 
Difference in level or fall 
between A and C 112 feet 
Leample 2. 
Reading on staff at A 9°66 
Reading on staff at C 4°32 (or less staff) 


Difference in level or rise 
between A and C 5:34 feet. 


—_— 


Compound Levelling. 


Flying Tevels—To find the difference in teyel between 
points A and G, set up and adjust the level at B at conveni- 
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ent distance from A and take the reading on A, which is in 
this case 10°66. Enter those figures in the column of back — 
sights in the level book as in that accompanying this example 
(page 116). Direct the staff holder to select a suitable station 
at C, at which point take the reading 11°78 which will be 

a fore sight, and enter it in the book. In all cases the first 
reading on setting up the level is a “back” sight, and the 
last reading before removing the level to fresh ground a 
“fore” sight. 

It will be seen that the distances in height at points 
A and C from the line of collimation, when the level is 
at B, will give the difference in level between these two 
points, as in the case of simple levelling; the heights, 
10°66 at A, and 11:78 at ©, give more staff at C= fall of 
1:12 feet. . 

Remove the level, and adjust it at D, the staff holder still 
remaining at C, but turning the face of the staff towards the 


level at D. With the level at D, take the reading at C 13:36 
which will be a back sight as explained. Place these figures _ 
in the column of back sights in the level book ina line with | 
the last fore sight 11-78 as shown. Take the reading at a 
suitable station E 9°16 selected by the staff holder. This 
will be entered in the column of fore sights, and_gives (less 
staff) a rise of 4°20 above point C or (rise 4°20—fall of 1°12) 
a total rise at E of 3-08 above A. ie 
Remove the instrument to F, the staff holder remaining 
at E, but turning the face of the staff as before. The back 
sight at E is read to be 7°62. Direct the staff holder to G 
and take a fore sight, which is found to be 8°16 or a fall of 
0-54 from E, giving a total rise of (3°08—0°54) to 2°54 from 
point A, The results of these levelling operations are set 


out in detail below. 


Back sight on staff A ... . 10°66 feet 
Fore sight on staff C cece 11-78 


The fall from A to © .cccmeee 112 difference. , 
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a Back sight on staff C . ne, 2836 
s Fore sight on staff E . es BIG 
The rise from C to E ......... 4-20 difference, 


Subtract the fall from A to ©... 112 


The rise from A to E ..,...... 3°08 difference, 


Back sight on staff E 
Fore sight on staifG ... 


The fall from EtoG ... ..... 0-54 difference. 
This fall taken from the rise from A to E, that is, 
H 3°08 
O54 
gives the total rise from A toG ... ... ... 254, or nearly 


2 feet 64 inches. 
The difference of the sums of the back and fore readings 
of the staves, will more readily give the difference of level. 


Back sights. Fore sights. 
feet. feet. 
10°66 at A 11°78 at C 
13°36 at C 916 at E 
762 at E 8°16 at @ 
sums 31°64 29°10 
29°10 


2-54 difference of level. 


Copy of Level Book: to lustrate example of Flying Levels. 


Back | Inter- | Ka: | eet Reading 

Sights. | ater | sights. Rise. | Fall, | yequeed| on Remarks. 
Chain. 
H 

10°66 Point A 
13°36 11:78 1712 Point C 
762 9:16 | 4:20 Point & 
8°16 0-54 Point G 


“| 81-64 29°10 | 4°20 1:66 


SSS eS SS ES | 
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The levels in the foregoing level-book are not “reduced” 
—that is to say, reduced to some given datum—and they 
are not self checking, so that if an error has been made 
in any of the readings there is no means of detecting it. A 
complete system of keeping the level book and of checking 
the levels is explained later, this example being merely an 
illustration of the principle. 


A Section is a representation of the surface of the 
country or other object, as it would appear if cut through 
by an intersecting plane showing the internal structure. 

Sections are divided into longitudinal- and cross-sections, 
the longitudinal being a section cutting through an object 
lengthwise and vertically, the cross- (or transverse) section 
cutting crosswise and vertically, A section line is the line 
of the intersecting plane referred to. 


Datum.—aAll levels are estimated with reference to a 
horizontal line, either real (such as sea level) or imaginary, 
such as a line at a level of 100 feet above sea level—or, in 
another assumed case, 20 feet below the threshold of a 
certain building. Such line, real or imaginary, is known as 
a datum, the line of collimation of the level, when adjusted, 
being of course parallel with it. 


Ordnance Datum.—The Ordnance datum is the datum 
to which the levels on the Ordnance surveys are referred. 

For Great Britain it is the mean level of the sea at 
Liverpool, which is 0-65 of a foot below the general mean 
level of the sea as ascertained from tidal observations 
taken at 32 stations in England and 18 in Scotland. 

The Ordnance datum for Ireland is not the same as 
that. for Great Britain. It is indicated by a mark fixed in 
1837 on Poolbeg lighthouse, in Dublin Bay, and it repre- 
sented at that time the low-water mark of spring tides. 

Any ascertained level relative to the Ordnance datum is 
marked thus ZX on some permanent object, such as a bridge, 
town hall, milestone, or other suitable place. On referring to 
the Ordnance Map relating to the particular part of the coun- 
try, the height above the Ordnance datum is indicated thus, 
for example, 7X B. M. 134-60, showing that the centre of the 
horizontal line of the mark ZX at the point in question 1s 
134-60 fect above the Ordnance datum, the letters B, M. 


standing for Ordnance bench mark, 
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Bench Mark, in ordinary practice, and distinguished 
from Ordnance bench mark, is a datum point fixed on the 
ground by the leveller for convenient reference, if occasion 
should present itself for any further levelling in the par- 
ticular locality after the country has been already levelled. 
This saves the trouble of re-levelling the whole length, and 
also acts as a check on the levels. As previously stated it 
may be a threshold or other known point of suflicient per- 
manency. In selecting the place for a bench mark, the 
uighest. point should always be taken, and a sketch made 
jn the level book indicating, and describing fully, the partien- 
jar point thus :—* B, M. on the south corner of top step No. 
55, Station Road.” 

In selecting a step for a bench mark it should he very care- 
fully examined, as'steps are often worn and of uneven level. 

In the case of a bench mark being desired in open country, 
the leveller should cut one on a large tree thus ZN, taking 
the same precaution in describing it as stated above, for 
example :—“ Bench mark thus ZX on oak tree, north corner 
of plantation at point A on plan.” 

In levelling operations bench marks should be fixed at 
every quarter-mile at least, and oftener when necessary, in 
ease of continued levelling being required, as far instance in 
setting out sewers, 

The Level Book. 

In the author's opinion the best form of level book is 
one 4: inches broad and 7 inches long, opening lengthwise, 
This saves labour in adding up the respective columns. 
The form of level hook (pp. 121, 122) used in taking levels for 
the section referred to below will illustrate this description. 

It will be seen that there are seven columns and a space 
for descriptive observations. The first three columns are 
used for entering the vertical heights, observed at the time 
of levelling :—the back sights, the intermediate sights, and 
fore sights. The back and fore sights have been dealt with 
when describing simple levelling. The column for inter- 
mediate sights is for such sights, the levels of which are read 
between those read when the level is first adjusted, and the 
final reading before moving the instrument to fresh ground. 
The last reading on each page should be a fore sight for 
convenience in checking and “reducing” the levels, ‘The 
next two columns are for the rise and fall in the sights as 
already explained. The sixth column is for the “reduced” 
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levels, or levels reduced to some known datum fixed at the 
commencement of the section. The seventh column is for 
the horizontal distances measured. , 

Levelling along a Section Line. 

Tn this case the horizontal distances are measured at the 
same time that the levelling is done, the line of section 
having been previously set out. The levels should commence 
at abench mark, the level of which is known, and the opera- 
tions should he continued to another known bench mark. 
Tt is not necessary that these bench marks should be 
Ordnance bench marks (since, in order to attain this, 
levelling operations might have to be extended for a con- 
siderable distance), but it is desirable that they should be. 

A proof of the accuracy of the levelling is thus arrived 
at, since the distance between the sum of the back sights 
and the sum of the fore sights, if the levels have been 
accurately taken, should equal the difference in level of the 
datum points at the commencement and end of the section. 
Frequently the levelling operations, commencing on a 
certain bench mark, can conveniently be arranged to end on 
the same bench mark. In this case no difference should 
exist between the sum of the back sights and the sum of 
the fore sights. A reading is taken at each appreciable 
change of inclination of the ground. 

In the case of a ditch and fence it is usual to take a 
reading of the surface on each side of the fence, a reading 
in the bottom of the ditch, and a reading of the top of the 
bank or cop on which the hedge is planted. If, when 
levelling, the level of an intermediate point (not required 
for a bench mark) is too low to be read by the level, the 
staff may be held up till the line of collimation cuts it. The 
reading is then taken, and the distance from the foot of the 
staff to the ground at that particular point is added to the 
staff-reading, thas 13:70+5:04= 18-74. 

The copy here given (pp. 121, 122) of the level book used 
by the author in taking measurements and levels for, the 
main sewerage works of a parish in Lancashire will, it is 
hoped, together with the section likewise given (p. 120) 
render the method of procedure intelligible. The horizontal 
scale of the section is reduced for convenience ; the actual 
scale to which the section was drawn was 1 chain per inch, 
‘Another example of a section is given in Chapter X., in 
which the line is taken across country, 
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Level Book (Main Sewerage of Croston, June, 1897). 


; Qu A g 
42 |hS2) ps 5 : S33 5 
is | 38 3 a 82 3 
Etc) a3 A) a g BE 2 Remarks, 
@ |rEa a g4 5 
o71 246 | feet. | O.B. Bf. on cottage 
| abutting on brook 
and opposite gas- 
7 works, 
778 5:02 | 19°5S Tep of G-in. common 
tile in footpath, just 
| before entrance to 
| brook, being drain 
| for houses from Sta- 
| tion to point A on 
a | plan. | 
710 0°63 20°21 | Yop of 6-in. earthen- | 
| ' | ware drain in foot- 
| | | | | way before entrance 
| | ‘ | to brook, draining 
| i | | honses from point A 
| D som ib | " | to brook. 
| 845 | \ 495 | 18°86 | Invert of 9-i 
H i | Hy | drain, 89 ft. it 
| | tant from C. Station 
\ | | Road, draining the 
| | Trafford Arms and 
1 building land on W. 
a i el side Station Road. 
3 v4 i att | 23-57 00 | C. Station Road. 
4°85 i ; PIL | 2246 100 | C. roadway | over 
en 1 brook, 8 ft. wide. 
6°82 | 197 20°49 | Underside stone 
| bearer Culvert under 
, road. 
8:83 206 | 18-43 Bottom of brook 
| under road. 
4°05 | 4°83 23°26 200 18 i Road Cannel 
” each. 
697 ae Bat 0°84 24°10 300 | Ditto. 
592 1:05 * 400. | Ditto. 
5:32 Ot) 7 4823 Ditto, in jine with 
5 gable, PloughInn. 
506 O26 Threshold, ditto. 
Collar, 2 ft. 3 in. deep 
below. 
5°26 019 600 
258 267 | ‘Top threshold, Crown 
Hotd. 
e | Cellar 5 ft. 3in. below 
4°67 ool 2°03 700 
712°6| In line with 8. gable, 
Crown Hotel. 
410 [ere 800 | 
470 030 900 ze $ | 
470 0°00 1000 | 
5°60 41 1100 | 
528 | 2634 1200 
1269/9 | In line with S. gable, 
Railway Tavern. 
494 0°34 26°68 Threshold, Railway 
Tavern. 
23:38 Cellar 2ft. 10in. below 
6:02 0°08 | 26°60 1316 | C. Westhead Lane, 
5'b5 0°53 26°07 1400 
TOL 149 24°58 1500 
* 
19°95 1997 | 167 16°73 | 7? 


122 - LAND AND ENGINEERING SURVEYING. 


Level Book—continued. 


4 [484] of 3 Bg 
$6 || 58 | 2 3 es 4 Remarks, 
Ag | Sea] Be oi La an | & 
feet. 
19:96 19:97 | 1671 | 16-73 Brought forward. 
455 0°65 1600 
i 1683 | Opp.C. lobby, N side 
H Wheatsheaf. 
4°76 020 | 1700 
3°09 3:01 171 \ Threshold,  Wheat- 
sheaf Inn. 
20 69 Cellar, 4 ft. 9 in, be- 
low. 
4°83 174 | 29°70 | 1745 to Lord Nel- 
4:37 0-46 2416 | 1800 
3°65 O72 2t9e8 | 1900 
646 429 OGL | 2424 | 2000 
6:30 016 24-40 | 2100 
6°40 0°80 25°30 Threshold, Horse- 
shoe Inn. 
18°05 Cellar, about middle 
of Inn, 7 ft. 3in. ber 
low. 
2163 8. gable Horse-shoe 
nn. 
5 0:36 2566 | 2186 Opp. ©. Chureh Road. 
4:02 1:02 26°68 ‘Threshold, “Grapes 
nn. 
2452 Cellar, 2 ft. 2 in. be- 
low. 
2208 | In line with S. gable, 
Grapes Inn, 
4°58 | 0'5G | 2612 | 2300 
4°04 543 0°85 27 | 2400 
4°70 O66 } 24°61 | 2500 
4°80 010 a5 2700 
5°06 i 026 | 242 26 C. Highfleld Lane. 
4:96 010 24°35 | 2800 ee ne 
231 | 2:65 27-00 27°00 O.BM. C. of 
re Highfleid Lane and 
| Grape Lane, 
| 
ard | a504 | ae70 | 22:99 
U 


The section line in question was arranged down the 
centre of the highway, thus forming an irregular line. The 
section was commenced at an Ordnance bench mark 24-60 
opposite the gas works, and ended at an Ordnance bench 
mark 27-00 at the comer of Highfield Lane and Grape 
Lane. The first reading was of course a back sight, 2-71, 
and various intermediate sights were taken before the first 
foresight which will be seen at 3°21 The level was then 
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removed to fresh ground, the new back sight being 6-97 
(placed in the level book on the same line but of course in 
a different column from the first fore sight). Intermediate 
sights were then taken, and the next fore sight was 5:21. 
The level was then moved and the new back sight was 4:67, 
and so on, the last sight of all, 2°31, being a fore sight, the 
staff being held on the Ordnance bench mark at the corner 
of Highfield Lane and Grape Lane. 

The depths of the cellars mentioned were measured with 
the tape from the top of the ground floor of the respective 
premises. 

The accuracy of the levelling was determined from the 
fact that the difference between the sum of the back sights, 
37-44, and that of the fore sights, 35:04, or 2°40, equalled 
the difference between the level of the two bench marks, 
namely, 27°00 — 24°60 or 2°40. ; 


Reducing the Levels. s 


The reducing of the levels, not having previously beer 
fully explained, is here presented in some detail. After 
ascertaining that the levels are correct as previously indi- 
cated, the rise and fall columns are filled in. The levels 
are read obliquely from left to right, and referring to the 
record we have the first sight 2°71 and the next 7°73. 
This gives 5°02 more staff and consequently a fall as already 
explained. These figures 5:02 are entered in the fall column 
in line with the last sight taken into consideration, viz., 
7:73. The next sight 7:10 is now dealt with, and is 
considered with reference to the last sight 7°73. Here we 
have in the new sight less staf’ and consequently a rise of 
7-73 —7'10 or 0°63, which is duly entered. The next sight 
$45, considered with 7:10, gives a fall of 1:35, 

These operations are continued till we come to the inter- 
mediate sight 4:05, taken just before the fore sight 3:21, after 
which the level is removed to fresh ground. _ The levels 
being reduced from left to right, this gives a rise of 4:05 — 
3-21, or 0°84, which is set down in the rise column. 

The next levels that are considered are those of 6:97 back 
and 5:92 intermediate, the back sight being on the same 
sight point as the fore sight 3°21, but being now read from 
the new line of collimation. Reducing from left to right we 
have a rise of 6-97—5:92 equal to 1:05. The sights 5-92 
and 5°32 are next considered, and so on. 
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As mentioned in the description of the level book, the 
levels should be so arranged that the last reading on each page 
isa fore sight. If this is done, the difference between the sum 
of the riseand fall columns on each page will equal the differ- 
ence between the sum of the back sights and fore sights, so 
that each page can be balanced before proceeding further. 
The sum of the back sights and fore sights on each page is 
carried forward to the end of the levelling operations in their 
respective columns, as is also the sum of the rise and fall 
columns, and, at the completion of the reduction of the 
levels, the difference of each respective set of columns should 
be equal. 

The reduced levels of the several points are obtained from 
the rise or the fall entered opposite the location of each 
point, by adding a rise or deducting a fall to or from the 
last preceding number in the column of reduced levels, 
unless that number has been obtained by means other than a buck: 
or fore sight or intermediate sight, in which case the rise or fall 
is added to or deducted from the next preceding one 
obtained by the level. For example :—the reduced levels 
23°76, 23:24, 23:38 (p. 121), 20°69, 18-05, 24:52 (p. 122), 
are those of cellar-floors, taken with the tape or foot- 
rule, and estimated from the reduced level of the object 
whence they were measured. Such reduced levels should 
in the level book be run round with a line or otherwise 
distinguished, to prevent their being used for calculation of 
those obtained by observation with the level and staff. 

The recorded reduced level of the O. B. M. from which 
the work commences being 24°60, the fall 5-02 subtracted 
from it gives 19-58 as the reduced level of the first point 
noted. ‘The next, a rise of 0°63, added to 19°58 gives 20-21 
as the reduced level of the second point ; and so on. The 
reduced level 25-82 of the point at 600 fect is obtained 
by subtracting its fall, 0°19, not from 23-76 but from the 
next preceding one 26:01, as above explained. 

At the foot of each page the difference of the last re- 
duced level and the reduced level at the very beginning 
of the section will equal the difference between the hack 
sights and fore sights for the particular page. . 

The method of plotting the section is shown in Chap- 


ter XII, 
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Cross-sections, to show the surface left and right of 
certain points in the main section line, are usually taken at 
right angles to that line, and are set out with the optical 
square. If they are required to make an oblique angle with 
the main line (as is often the case at the crossing of roads 
especially if these have to be raised or lowered), they are 
set out with the prismatic compass or the box sextant. 
Right-angled working cross-sections for a railway whose 
centre line is already chain-stumped, can be correctly and 
very expeditiously set out with a stout cord (preferably of 
sash-line, as it does not kink), 62 yards long, having a loop 
at each end andamark at the middle of its length. A 
ranging-pole is pitched at the chain-stump through which 
the cross-section is to be taken, the loops are secured at the 
next chain-stump on each side, the cord is drawn taut at its 
marked centre, and a pole pitched there. On the other side 
of the main line a third pole is ranged with these two. This 
method is specially useful where cross-sections occur on 2 
curve of the main line. 

Time-and trouble are saved, by setting out the lines of 
cr ctions in advance of the levelling party, and (if 
circumstances permit) leaving at each point on the main 
line a slip of paper containing the distinguishing number of 
the cross-section, and a memorandum of the distances 
(“left” and “right” from the main line) at which levels 
ave desired. The staff-holder sets the levelling-staff at these 
points in succession, calling out the number of the cross- 
section and the distance of the particular place where he is, 
as :— Cross-section No. 2, 20 feet left” {of the main line}. 

In using the terms “left” and “right,” one is understood 
to be looking forward from the beginning of the main line. 


Collimation Method of Reducing Levels.—Another 
method of laying out levels is known as the collimation 
method. This, though not in general use, is stated to be 
easier, and it saves one column of figures. The following 


shows some of the records of the level book above with the 
levels reduced according to this method ;— 
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veduced by Collimation. 


sal esa Sy8l ga! 
2/32 | 22 /223/ 2s) erento 
gs 4 | 58/888 5 3 emarks, 
@]"e| "2 | gaa! aa | © 
3 
| 
271 } 27°31 | 24°60 0. B. M. on cottage 
{ abutting on brook, 
| and opposite gas 
| works. 
CC | 19°58 Top of 6-in, common 
| tile in footpath just 
before entrance to 
brook. 
710 20°21 Top of G-in. earthen- 
ware drain, 
8-45 18°86 Invert of 9-in. B.S.P, 
; 89 ft. 3 in. from C. 
Station Road. 
374 23°57 C. Station Road. 
4°85 2246 Ditto, C. roadway over 
brook. 
6°82 20-49 Underside of stone 
bearer, E of brook. 
888 18-43 Bottom of brook, E. 
mb ie sas 
4:05 23-2 - road, Cannel Leach. 
6-97 3-21 | 31-07 | 24-10 rhea 
6:92 25°16 Ditto. 
And 
sO on. 
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Contouring. 


Contour lines are lines traversing all points on ground, 
within a certain area, which are at the same relative level. 
The process of determining such lines is known as contour- 
ing. These lines, when levelled and surveyed, are depicted 
on a plan, and show the various relative levels of any point. 

A plan of any city, town, or district, with the contour 
lines carefully laid down on it, enables the engineer to 
devise the best and most economic means of carrying out 
any system of sewage, drainage, irrigation, or waterworks, 
as well as such railways or public roads as may be required. 

If we imagine a hill to be cut by any number of horizontal 
planes, and the outline of each cut, as seen from above, to 
be projected orthographically on the map or plan, the out- 
lines of the cuts so projected are called contour lines. These 
lines are identical in position with the outlines that would 
be formed if the sea were to surround the hill and rise to 
heights corresponding with those at which the horizontal 
planes just referred to would eut the hill, If a hill were 
similar in form to a right cone, its contour lines would be 
represented on the map or plan by a number of concentric 
circles; the apex of the cone being the centre, and the 
outermost circle the circumference of the base of the cone. 
A hill in shape like an oblique cone would be represented 


by eccentric circles. 8 
The distance on the plan between each contour line is 


termed the horizontal equivalent. 

The Ordnance Survey has done much to render contour- 
ing necessary only in extraordinary cases, for on the 6-inch 
map the contours are at intervals of 25 feet, These inter- 
vals ure known as vertical intervals. On the parish and 
town maps also the levels of the principal roads are marked 
at frequent intervals, 

On the appended plate (facing p. 128) is shown a plan, on 
a scale of ten chains to the inch, of a part of the city of 
Liverpool, with the contour lines, or lines of equal altitude, 
represented thereon. The contour lines are shown at every 
four feet of altitude, as indicated by the numbers inserted 
on them, 

The method generally adopted for determining the posi- 
tion of the contour lines is this: levels are taken along the 
most suitable streets or roads, or in a direct line hetween 
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two or more points of the district to be contoured. ‘The 
most suitable roads, streets, or lines to be levelled are those 
which intersect the contour lines at right angles, or nearly 
so. Bench marks are made in the most favourable places, 
or stakes are driven in the ground at or near the points 
where the contour lines will run through ; the altitude of 
each stake being carefully marked on it. 

Suppose, for instance, that the line from A to B on the 
plan had been correctly levelled, and stakes driven down 
at 64 feet above Ordnance datum, at 68 feet, at 72 
feet, and so on. It is evident that the contour lines of 
corresponding altitudes must pass through the positions of 
these stakes. Then, in order to determine the 64 fect 
contour, for example, the level is placed at a distance of 
4 or 5 chains from the stake at that altitude, the back 
staff is placed on the stake, and read off by the level, after 
it has been carefully levelled ; the staff is then sent forward 
4 or 5 chains in the direction the contour line seems to 
take ; if the reading of it by the level agrees with what it 
was on the stake, the position of the staff is in the contour 
line. If the reading of the staff should be more or less 
than that at the stake, the staff is to be moved to # higher 
or lower position, until the reading is the same as that at 
the stake. When the true position is found, the level is 
then moved forward, while the staff remains where it is 
until the back sight or reading is taken, when the staff is 
again sent forward, and so on. Previously, however, to 
the staff being sent forward, some distinctive mark should 
always be placed where it stood, in order that the surveyor 
may be enabled to survey the contour lines, so as to fix 
their positions on the map or plan. 

The marks usually placed at the positions of the staff on 
the contour lines are twigs, or small cuttings from the 
branches of trees. These are stuck in the ground, with 
pieces of paper at the top, to render them more conspicuous, 
The surveyor then lays out his chain lines in the most suit- 
zble manner, and takes offsets to the twigs or cuttings, and 
notes them in his field book. He is then able to plot the 
various courses of the contour lines as if they were fences, 
and to show, if necessary, the position on the map or plan 
of every point on the contour line where the staff stood, 
The dots on the contour lines, on the plan represent the 
positions of the staff, +): te 
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Ifthe map or plan be correct, the chain lines for surveying 
the contours can generally be fixed by the means of the 
fences and other details. 


Levelling with the Theodolite—(1) The theodolite 
can be used in the same way as the ordinary dumpy level by 
clamping the vertical are, and bringing the bubble of the 
telescope to the centre of its run, precisely similarly to the 
preliminary preparations for taking a vertical angle as 
described in the chapter on angular instruments. 

2) By angular measurement and calculation. The use 
of the theodolite is sometimes necessary in levelling opera- 
tions, especially when these operations are required to be 
conducted over very high and rapidly rising ground, or 
over steep and almost perpendicular rocks, where the 
ordinary levelling instrument cannot be fixed. 

Select a convenient place to fix the theodolite, where the 
general inclination of the surface of the country changes, 
without regarding minor inequalities ; then set the instru. 
ment level by means of the parallel plate screws, and send 
an assistant forward with a staff, having a vane or flag 
fixed to it, of the same height from the ground as the centre 
of the axis of the telescope of the theodolite. Having gone 
to the station required, the assistant must hold the vane 
staff upright, while the observer measures the vertical angle, 
which an imaginary line connecting the instrument. and 
staff makes, with the horizon. A second observer with a 
theodolite at the point where the staff is placed, should 
at the same time with his theodolite, read the angle, which 
a similar staff placed at the point where the first. theodolite 
is fixed, makes with the horizon. Tn order that both obser- 
vations may be made simultancously a preconcerted signal 
must be arranged between the observers. The mean of the 
two angles may be considered the correct angle. This pre- 
caution is necessary on account of the variableness of the 
refraction, and more especially so where the points of obser- 
vation are at a great distance, and one much higher than 
the other. The distance on the slope must be measured m 
the meantime, which, with the mean angle, constitute the 
hypothenuse and angle at the base of a right-angled triangle, 
in which the base is the horizontal distance between the 
two stations, and the perpendicular their difference of level. 

Tn this manner, by considering the surface of every prin- 
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cipal undulation as the hypothenuse of a right-angled 
triangle, the operation of levelling may be carried on with 
great rapidity ; but without strict accuracy. An error of 
a single minute produces a difference of level of 3 feet in 
a distance of two miles. The difference in level is computed 
from the product of the horizontal distance and the tangent 
of the mean angle observed. 


Levelling with the Barometer.—There are two 
classes of barometers: (1) the mercurial barometer ; (2) 
the aneroid barometer. 

The mercurial barometer is familiar to all, and its use, in 
the measurement of heights, depends upon the fact that, 
in a barometer carried to different elevations, the height of 
the mercurial column, which is balanced by the density and 
weight of the atmosphere, diminishes as elevation increases. 

The height of the column at sea level at a temperature of 
32° Fahrenheit is 29-95 inches. Experiment has proved 
that with an elevation increasing in arithmetical pro- 
gression, the density of the atmosphere, and consequently 
the height of the mercurial column balancing it, diminishes 
in geometrical progression, The difference of reading is 
nearly 10 feet of increased elevation above sea level for 
every 0°01 inch decrease in the height of the column. 

It is seldom that the mercurial barometer is used, except 
as a check on another instrument, it having been superseded 
by the aneroid, as more portable and convenient. Tables 
of increase in elevation relative to decrease in the height 
of the mercurial column have been worked out and can 
casily be procured. 

The aneroid barometer is the barometer now almost ex- 
clusively used by engineers for approximate determination 
of altitude. It consists of a chamber corrugated on the 
outside, from which the air has been exhausted, thus forming 
a vacuum chamber. The axis of this chamber is connected 
with a main-spring of very flexible thin steel. A lever arm 
moving the indicating apparatus, or hand upon the dial, 
is fixed to the main-spring. The movement of the hand 
upon the dial depends upon the pressure of the atmosphere 
upon the vacuum chamber, the surface of which is depressed 
or elevated as the pressure of the atmosphere is increased 
or diminished. Upon the dial is marked a scale of altitudes 
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corresponding to the relative density of the atmosphere 
at the several elevations. 

In levelling with an aneroid barometer another should be 
kept in a separate place, and its variation recorded at 
frequent intervals so as to be a check upon the one in 
use. The temperature should be noted during the time 
of the observations, and corrections made for it. 


Levelling with the Hypsometer.—The hypsometer 
is a portable instrument, consisting of a thermometer con- 
nected with a small boiler, under which is a spirit lamp. 
Its action depends upon the temperature of the boiling point 
of water as indicated at relative heights, due to the pressure 
of the atmosphere. It is well known that water boils when 
the tension of its vapowr is equal to the pressure of the 
atmosphere, and then the density or weight of the atmo- 
sphere diminishes in geometrical progression as the altitude 
attained increases in arithmetical progression. 

Lefroy’s rule for indicating altitude by the boiling point 
of water is as follows:—“ Allow for each degree below 
212° Fahrenheit that water boils in mean state (or about 
30 inches) of barometer, 511 feet for first degree, 513 feet 
for second degree, 515 feet for third degree, and so on.” 
Hence with the boiling point at 209° Fahrenheit the alti- 
tude will be the height at which water boils at 212° + 
(511 +513 + 515 feet). 

Some observers consider this instrument quite as reliable 
as the barometer, and there is no doubt that it can usefully 
serve as a check upon it. 


CHAPTER X 
RAILWAY SURVEYING. 


Previous to making surveys of this kind, the line of the 
proposed railway, as far as it can be determined by trial 
levels (see Ch. IX., p, 112), must be roughly delineated on a 
map of the part of the country or district through which it 
is proposed to pass (Ordnance maps are the best for the 
purpose), with which the superintendent of the survey 
must be provided, that he may know what part of the 
country is required to be surveyed for the intended railway, 
and in what direction the main survey line ought to be 
taken, which should be as near the proposed line of rail- 
way us the obstructions arising from woods, rivers, &c., 
will admit. 

When, therefore, a new survey is required to be made, 
range the first base line, fixing stations at the most con- 
venient points, also other stations, to the right and left of 
the main line, in the direction of fences, roads, rivers, &c. 
The measurement of the base line, and the filling up of the 
survey on the right and left may then proceed, as shown 
in the chapter on Chain Surveying. : 

_ When the first base or main line begins to leave the 
direction of the proposed line of railway, a second main 
line must then be set out, from a station 10 or 15 chains 
short of the extremity of the first main line, so that the 
two main lines may thus be effectually tied together. The 
survey may be continued similarly with any uumber of 
main lines. Sometimes obstructions prevent the effectual 
tieing together of the main lines, in which case the theodolite 
must be used, as is shown later. 
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The width of the survey should be from 5 to 20 or 30 
chains ; the greater widths 
being where it has not yet 
heen settled where the line 
of railway shall pass, or 
where there are curves or 
some engineering difficulty. 

Thefigure here givenrepre- 
sents a,survey of this kind. 
The thick curved line RW is 
the projected railway ; A B 
the first base line, which at 
B begins to leave the direc- 
tion of the line of the rail- 
way. At a convenient 
station in the first main 
line another main line C D 
is set out, crossing and _re- 
crossing the railway, The 
line C D is connected with 
A B by the tie line BE. 
In the same manner the 
next main line may be con- 
nected with CD, and the 
survey conducted thus to 
any extent or in any di- 
rection. The filling up of the 
chief parts of the survey is 
shown by the dotted lines on 
both sides of the main lines 


Survey of a District for a Railway where 
Obstructions Occur. 
R W isa portion of a projected 


ain lines to survey that portion 
he first main line A B 


In the next figure (p. 134) 
railway, and Ae B seo z : 
of the district affectec e railway. 
peauslons a road, till A is obstrneted by & large wood oh 
the left, a river being close to its right ; and, since the 
direction of the railway changes near the point of obstruc- 
tion to the left, a new main line B C is taken. 

Here the use of the theodolite is indispensable to take 
the angle of the two main lines A B, B C at B, as it is 
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impossible, on account of the obstructions, to obtain tie lines 
to connect the main lines excepting with great trouble. 
The parts of the survey adjoining the wood and the brook 


may be filled up in the usual way, while angles must be 
taken from two or more stations, to determine the positions 
of objects on the right and left of the railway. As the 
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railway again leaves the direction of the main line B C at 
C, a third main line will be required (this line is not shown 
in the figure); which may be either tied to BC, or its 
angle of inclination with B C be taken with the theodolite, 
according to convenience. The filling up of part of the 
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Reduced Copy of Plan of Line of Railway, as submitted to Parliament. 


survey tothe right and left of the part of B C towards C 
may be done with the prismatic compass, or hox sextant, 
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' Railway Plans and Sections. 

The illustrations here given of a plan (p. 135) and a sec- 
tion (p. 136) will serve to show the manner in which plans 
of projected railways are required to be presented to Parlia- 
ment. Each parcel of land on the plans is numbered, and 
the plans are accompanied by a “Book of Reference,” 
giving the names of the owner and the lessee or occupier, 
and a description of every parcel numbered on the plan. 
Sections and cross-sections are also required. 

The limits of deviation, generally shown by thick black 
dotted lines, usually extend 5 chains on each side of the 
centre line of the railway, and only within these limits 
may the promoters vary the line of railway without fresh 
statutory powers. Sometimes the limits of deviation are 
placed nearer the central line of railway, to avoid opposition 
from contemplated expensive severance. 

The Standing Orders of the Houses of Parliament affect- 
ing Private Bills, to which the reader is referred, prescribe 
certain requirements which must be rigidly complied with 
to pass the Examiner on Standing Orders. The scale of 
the plans must be not less than 4 inches to the mile, and, 
of large plans required, not less than one quarter of an inch 
per 100 feet. The sections must be drawn to the same 
horizontal scale as the plan, and to a vertical scale of not 
less than l inch to each 100 feet. Cross-sections, as re- 
quired by such Standing Orders, must be on a horizontal 
scale of not less than 1 inch to every 330 feet, and to a 
vertical scale of not less than 1 inch to every 40 feet. 


Setting-oub Curves. 


In railway practice the curve adopted is in almost: all, 
cases an are of a circle, and sometimes two, three, or more 
consecutive ares of circles of different radii, having a 
common tangent or tangents at their point or points of 
junction, as in the compound curve. Frequently the rail- 
way curve is composed of two or more circular arcs, having 
their convexities turned in different directions, with a com- 
mon tangent or tangents at their point or points of junction ; 
acurve thus composed is called the serpentine ov reverse curve. 
The straight portions of the railway are always first laid 
out, and are, in all cases, tangents to the curves at their 
termini, the curves being in the place of the angles formed 
by the intersection of the straight portions produced, | 
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A length of straight railway always intervenes between 
two curved lengths. Curves can conveniently be set out 
by tables, thus saving laborious calculations, and for this 
reason the radius should be a round number, either a 
multiple or a sub- multiple of a hundred, Radii are set 
out either in Gunter’s chains, as for instance a curve of 10 
chains radius, or in multiples of 100 feet, as a curve of 
1,000 feet radius. Given the radius and the angle of inter- 
section of the tangents, the remaining functions of acurve by 
trigonometr 'Y, or in most cases in prac ‘tice obtained easily, can 
be Svorked out from the tables. 

Curves of less than 20 chains radius should be set out in 
4-chain chords. Curves of more than one mile radius may 
be set out in 2-chain chords, 

The following diagram and formule are inserted to 
render future references intelligible :— 


= length of tavigent = Rtany. 
: = Half: angle of intersection. 
D = Distance of centre of enrve from intersection. 
© = Any chord. 
A.= Tangential angle of C in minutes. 
= Angle of deflection for whole curve. 
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r19 C1 

ie ies ~= T tan a, 

T= Root. a. 

D = R (cosee. « — 1), 
_ 17190. 
Skee 


S = Ros. a. 

V = MR coyersine #. 

5400 — x, 
A 

Length of enrve = 000582 R (5400 — 2). 


Number of chords in curve = 


Note-—« and A in the two preceding formule must be 
expressed in minutes. 


There are various systems of ranging curves, the follow- 
ing heing illustrated below, viz. : 

(1) With a theodolite and chain, 

(2) With two theodolites only, 

(3) By offsets in equal chords. 

(4) By equidistant points on a curve from two tangents. 

(5) By ordinates from chord of whole curve, 


Case I.— Zo set out w curve with one theodolite and achain.— 
‘This method is known as Rankine’s method of setting out 
by tangential angles, and, with the method next described, 
gives the most reliable curves for railways. Mr. Beazeley has 
published tables on cards for placing on the theodolite, 
giving the tangential angle required for any common radius 
at a glance,* 


=H 
The following dataare given: the lengths G A and B Hi 
ave straight lengths, and A and B the two points to be con- 
neeted by a curve of 20 chains radius, the pegs to be set 


* «Tables of Tangential Angles and Multiples for Setting out 
Curves from 5 to 200 Radius.” London: Crosby Lockwood and Son. 
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out on the curve 66 feet or 1 chain apart meastred as 
chords. Range GA and BH to intersect in C and drive 
pegs in the ground at A, Cand B. Fix the theodolite at 
A. with its vernier clamped at zero, the telescope being 
directed on C the point of intersection of the tangents. 
Now by the formula above, A the tangential angle of any 


a ro 1719 C ‘ G 
chord in minutes = —_ therefore in this case = 
1719 x 1 
a = 1° 26, 


Lay off the tangential angle C A D = 1° 26’, the chain 
being extended from the tangent point A to D in the same 
line as that of the optical axis, or line of collimation of the 
theodolite. This will give the first point D in the curve. 
With the theodolite still at A set off the angle C AE = 
twice the tangential angle = 2° 52’. Extend the chain 
from D to meet the line of collimation of the instrument 
at KE, which will be the second point in the curve. The 
next angle to be set off with the theodolite still remaining 
at A will be three times the tangential angle or 4° 173’, 
and, if the chain is extended as before, a third point will 
be found in the curve, and so on. Pegs must, of course, be 
driven down at all the points found on the curve. 

It may happen that some obstruction, such as a house, 
&e., may prevent the observer seeing from the point 
where the theodolite is fixed at A, any further than the 
point E onthe curve. In this case a new tangent must be 
set out. Remove the theodolite to E. Bring the vernier 
to zero and clamp the yernier plate, but not the vertical 
axis. Sight the line E A, clamp the vertical axis, unclamp 
the vernier plate, and set off the angle X E A = angle 
CAE. Then the line X E produced to X! will be the new 
tangent required. Place pegs at X and X’.. To set off the 
next angle sight on X’ with the vernier clamped at zero. 
Unclamp the vernier plate and set off the tangential angle 
X’ EF = 1° 26! and extend the chain from KE to meet the 
line of collimation in F. The next angle to be set off, 
X’ E M, will be double the tangential angle or 2° 52’, and 
soon. The exact length of the curve may not, however, 
be an evennumber of chains, but have a fraction over, say, 
80 links = ‘8 of achain. In this case the fraction must be 
multiplied by the tangential angle, thus 1° 26’ x -8= 1° 9’. 
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When the last tangential angle for the even number of 
chains is set out the next angle will be this plus the angle 
noes 

Case II,—7» set out acurve with two theodolites only.—This 
is perhaps the most accurate of all methods of setting out 
curves, the points in the curve being found by the inter- 
section of the lines of collimation of two theodolites placed 
at the tangent points A and B respectively. Assume the 
radius to he 20 chains, and the points in the curve to be 
1 chain apart measured as chords. 

Now by the formula the number of chords in the curve = 
ee In the illustration it will be seen that there are 
5 chords exactly 1 chain in length, Had there been a 


fraction of a chord over, the tangential angle for the 
fraction would be found in the manner indicated in the 
last example. 


By the formula A = 


the tangential angle for 1 

chord = 1° 26’ and for 5 chords = 7° One theodolite 
is set up at A sighted with the vernier at zero on C, and 
the first tangential angle © A D = 1° 26’ set off, and from 
the other theodolite being at B with the vernier fixed at 
zero on © the tangential angle for 5 chains = 7° 93’ is set 
off. p ; 
A peg is now placed at the intersection of the lines of 
collimation of these two instruments, and is the first peg 1n 
the curve. The theodolites remaining at A and B the 
second peg on the curve isset off by the intersection of the 
line of collimation of the two instruments as before with 
twice the tangential angle from the instrument at A= 2” 
52, and four times the angle for the instrument at B= 5 


432’, and so on. 


ee i 
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Case IIIL.—70 set out acurve by offsels from equal chords— 
This method has been much used, as it does not require the 
use of an angular instrument, but is open to the objection 
that if an error be made in setting out any one point in the 
curve, the error will be repeated in every succeeding one. 

Assuming as before the radius to be 20 chains, let L = 
length measured from tangent-point along the tangent, for 
first offset-point’; and from the several points in the curve, 
along their chords produced, for succeeding offset-points : 
and let O = offset from the length so measured. The 
formula is :-O = R — /R?—L*, ‘Succeeding offsets = 
twice the offset from tangent. : 

> a 


Where Lis less than eS asimpler formula, viz.:—O= aR 


is sufficiently accurate for practical purposes. ‘ 
Let G A be a length of straight line and A. tangent point 
at which the curve commences, measure from A in G@ A 


produced A D’ = 1 chain, set off perpendicular to it D D’ = 
66 x 66 66 
2x 20 x 66 = 40 
will be the first point in the curve. Range a straight line 
through the points A D produced to E’ making DH’ = 1 
chain, As before set off the offset EE’ = twice D D’ 
= 3:30 feet. Ii will then be the second point on the curve. 
D E is then produced to F’, making EF’ = 1 chain. Set 
off offset F’ F = 3-30 feet as before, and so on to the end 
of the curve. 


= 1°65 foot, Place a peg at D, which 


Case IV.—7o set out a curve by offsets from the tungents,— 
This method consists in setting out equidistant points on the 
curve by ordinates from two tangents. For accurate work 
it cannot compare witha curve set out by the theodolite. 

Assume as before the radius to be 20 chains, and the 
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points set out on the curve 1 chain apart. The same formula 
is necessary as in Case 3 above, viz. :— . 
Fist office Hom dangent = So Ge ei 
's gent = s = 
irst offset trom tangen 2 radius NUS OSC) — 


1°65 feet. 
The remaining offsets or ordinates as E’ E, F’ F, Ge., are 
found thus :— ° 
Second ordinate or E’ E the second point on the curve = 
2x 2 x 165 = first ordinate x 2* = 6°60 feet. 


2 


Third ordinate or F’ F the third point on the curve = 
3x 3 x 165 = first ordinate x 3* = 14°85 feet, and 
so on, 

The number of the point on the curve being squared and 
multiplied by the first offset will give the offset for the 
point desired, 

The Table of offsets given on the following page will be 


found useful in reducing to a minimum the calculation 
required when actually setting out curves on the ground. 


Case V.—7o sel oul a curve by ordinates from the chord of the 
whole curve-—This method is suitable for rough purposes, 
such as curves for roads, &e. The length of the chord must 
ho measured and divided into 10 parts, from which ordinates 
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AT THE END OF FIRST CHAIN FROM TANGENT-POINT OF CURVES. 
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Offsets | Rad. | C 


Rad.| Offs Offsets} Rad. | Offsets | Rad. | Offsets] Rad. | Offsets 

in in ins. in | inins. in in ins. in in ins. in in ins. 

polis |enacdeo: chs. Jand dec] chs. jand dec] cha, |and dec] chs. jand dec. 

5 | 80-01 | 45 | 8:80] 84] 4-71 | 138 | 2:87 1:89 | 

| 6 | 66:46 | 4g | 8°61 | 85 | 4:66 | 140 | 2:83 1°84 

7 | 5686 | 47 | 843] 86 | 4-60 | 149 | 2°79 1:80 

8 | 49°69 | 4g | 8:25 144 | 2°75 1°76 

9 | 4414 | 49 | 8:08 145 | 2°73 | 1°72 

10 | 89°70 | 50 | 7:92 146 | 2°71 1:69 

Il | 36:07 | 51 | 7°77 148 | 2°68 165 

52 | 7°62 150 | 2:64 5 | 1°62 

53 | 747 152 | 2°61 | 250 | 1°58 

54 | 7:33 154 | 2°57 | 255 | 1°55 

55 | 7*2 55 | 2°55 | Q60 | 1:52 

56 2°54 | 265 | 149 

57 158 | 2°51 | 270 | 1-47 

58 | 160 | 248 | 275 | lt 

59 | 162 | 244 | 280 | 1-41 

60 164 | 241 | 285 | 1:39 

61 165 | 2°40 | 290 | 1:37 

62 166 | 2°39 | 295 | 1°34 

63 168 | 2°36 | 300 | 1-32 

64 170 | 2°33 | 305 | 1°30 

65 172 | 2°30 | 310 | 1:28 

66 174 | 2°28 | 315 | 1:26 

67 175 | 2°26 1:24 

68 176 | 2°25 | 325 | 1-22 

69 178 | 2°22 | 330 | 1:20 

70 180 | 2°20 | 335 | 118 

71 182 | 2°18 | 340 | 1:16 

13 184 | 2°15 | 345 | 1:15 

73 | 542 | 120 | 3-30 | 185 | 2:14 | 350 | 113 

34 | 11-65 | 74 5 | 122 | 3-25 | 186 | 2°13 5 | 112 

| 85 | 11°32 | 75 8 | 124 | 3-19 | 1s | 2-11 1:10 

36 | 11-00 | 76 1 | 125 | 3-17 | 190 | 2:08 1:08 

37 | 10°70 | 77 4+] 126 | 3-14 | 192 | 2:06 1:07 

38 | 10-42 | 78 | 5-08 | 128 | 3-09 | 194 | 2-04 1:06 

39 | 10°16 | 79 | 5:01 | 130 | 3-05 | 195 | 2°03 104 

40 | 9:90 | 80 | 4:95 | 132 | 3-00 | 196 | 2°02 1:03 

41 | 9°66] 81 | 4°89 2:96 | 198 | 2°00 1-02 

42 | 9-43 | 82 | 4:83 2-93 | 200 | 1°98 1:00 

3 | 921 | 83 | 4°77 291 | 205 | 1:93 099 
44) 900]... 
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may be set out to give points on the curve, The formula 
required is :— 


Length of any ordinate O = YR? — X* —- (R—V) 
When R = radius of curve in feet. . 
X = distance of ordinate from centre of chord. 
V = versed sine or height of ordinate at centre of 
curve.* 


Case VI.—10 find the position of the point of intersection of 
the tangents when it is inaccessible.—When the point of inter- 
section of the tangents happens to fall in water the following 
method is resorted to for finding the inaccessible lengths. 


Produce the tangents G A and H B to E and D respec- 
tively. Measure ED, and observe angles DEA andEDB. 
Then angle C E D = 180° — angle A ED and angle C D E 
= 180° — angle ED B and angle ACB = 180° — (CED 
+ CDE). 

ED sin, CDE 


And CE = sr ome 
snr — ED sin. CED 
And CD= Sarria Kal ik 


Case VIT.—To find the length of a curve, and to find the 
number of chords by the formula given on page 139, 


at 5400 — a 
*’Number of chords on the curve =-—~,¥— 


5s Length of curve = “000582 R (5400 — «) 


* Molesworth’s “ Pocket-Book of Engineering Formule.” 
tL 


Ks CO — 
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Setting out the Surface Widths of Railways. 


After the centre of a railway has been marked out, the 
line must again be carefully levelled, cross-sections taken, 
and the pegs that mark the line numbered and entered 
consecutively in the level book in a vertical column, with 
the corresponding depths of cuttings or embankments in a 
second column (see form of Level Book, p. 152), These 
depths are estimated from the formation level, which is com- 
monly about 2 feet below the intended line of the rails ; 
the 2 feet are afterwards to be filled up to form the per- 
manent way. 

The line is now prepared for setting out the surface 
widths, the simplest case of which is when the surface of 
the ground is level, as well as coincident with the forma- 
tion level of the intended railway. In this case it is only 
required to set out half the width of the formation level on 
each side of the centre peg perpendicular to the direc- 
tion of the railway, adding to each half width the intended 
width of the side fence, and putting down pegs to mark 
the half widths and breadths of the fences. 

When the surface of the ground is above or below the 
formation level, as is commonly the case, the widths must, 
be set out as in the subjoined Cases I. to IV. 

Two sets of pegs must always be used, the one for 
distances, the other for levels, differently painted or other- 
wise distinguished. Pegs are generally set out at certain 
distances from the true position of the stake in a cutting, 
which is of course removed in the work. 


Case I.—To set out the width of « railway cutting, when the 
surface of the ground is laterally level, and at a given height above 
the formation level, the vutio of the slopes* being given. 


In the annexed cross section of the cutting, RS is the 
horizontal surface of the ground ; A B the formation level ; 
A.C, BD the side slopes ; M the middle stake, and Mm = 
A a=Bb the perpendicular depth . 
of the cutting. Multiply thedepth ®&%& «4 6 p's 
Mm by the ratio of the slopes, to i 
which add the half width A m or 
oM, the sum is half the surface , 
width to be set out from M to C; after which set ont R C 


* The ratio of the slopes is the proportion that the distance C @ 
hears to the depth Aw, When this ratio isas1toJ,Ca= Aa; when 


Am B 
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for the width of the fence. The same operation must be 
yvepeated on the other side of M. 

Example.—Let the width of the formation level A B=33 
fect, the depth M m of the cutting 30, the ratio of the slopes 
as 14 to 1, and the width of the side fences each 6 feet ; 
required the width of the cutting, and the width of land 
included by the fences. 


30 x 1h + 48 = 45 + 163 = 614 feet = MO = MD 
= 4 width of cutting ; and 615 + 6 = 67; =MR= MS 
= } width of land. 


The double of this is the whole width. 

The numbers in the column marked “computed half- 
widths ” in the level book are found as herein. 

Tf the figure ABDC be inverted, it will represent the 
cross section of an embankment ; for setting out the width 
of which the same method obviously applies. 


Case II.—TZhe sume data being given as in the lust case, to 
set out the width of the cutting, when the ground is laterally 
sloping, the lateral full of the ground in a given horizontal dis- 
tance being also given. 


Let CD be the sloping surface of the ground, ABDC 
the cross section of the cutting, and p D’ a horizontal line 
passing through the centre ‘stake M, M D’ being the com- 
puted half width of the cutting—Fix the level so that by 
turning the telescope 2, 3 or more chains of the line may be 
seen, on both sides of it; set up a levelling staff at M, and 
another at g, not exceeding a chain’s distance from M, ob- 
serving the level 
readings on both 
staves, the differ- 
ence of which is 
equal to pg; mea- 
sure the sloping 
and horizontal dis- 
tances Mg, M p 
with a tape in feet. 
Then take the 
computed half width M D’ (found as in Case I.), and 


ibisas1} to1,Ca=14 times Av. This ratio varies according to the 
nature of the material through which the cutting is made, being less 
in rocky or clay ground, and greater in soft or sandy ground. 
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multiply it by M g, reserving the product; multiply the 
ditference of the stave readings pq by the ratio of the 
slopes, add and subtract the product to and from the horizontal 
distance M », reserving the sum and difference ; lastly, the 
reserved product, being divided by the reserved sum, will 
give the corrected half width M C, and by the reserved 
difference the corrected half width M D. 


Example.—The depth of the cutting at M is 22 feet, the 
bottom width A B = 36, the sloping distance M ¢ = 25, 
the level distance M p = 24, the difference of the readings 
of the staves py = 7 fect, and the ratio of the slopes as 13 
to 1. What are the corrected half widths M C and MD? 


22 x14 + 4 = 33 +18 = 51 feet = computed half width. 
25 
1275 reserved product 
24 
7% 1) = 103 
reserved sum = 344) 1275 (36:95 feet = cor. } width MC. 


reserved diff, = 134) 1275 (94-44 feet = cor. } width MD, 


The following general formula for the values of MG 

M D, is easily remembered :— 

i Te es 
feta Corrected 3} width = rori 
The positive sign is used for M C, and the negative for 
MD;MD' being = o',pg=h, My=s, Mp =4, and the 
ratio of the slopes as: 1. 

It the figure A BD C be inverted, it will obviously 
represent the cross section of an embankment of like dimen- 
sions, the longer distance, in this case, being measured down, 
and the shorter up the slope. 


Case ILI.—The same data being given as in Case IL,, to set 
out the width, when it consists partly of a eutting and partly of an 
embankment. 


Jn the annexed figure B D P C A is the cross section of 
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the works of a railway, consisting of the cutting B P D and 
the embankment A PC; 
A B is the formation 
level, M the central stake, 
and D C the sloping sw- 
face of the ground. When 
the cutting B P D ex- 
tends over more than 
half the formation level 
A B, the corrected half 
width M D is found as in 
Case II. But to find the other corrected half width M C, 
passing under the embankment A P C, proceed as follows. 
Multiply M D by the difference of the width of the forma- 
tion level A B ‘and the estimated half width MD’, and 
divide the product by M D’, and the result will be the 
corrected half width M C. 


Ewample.—Let the bottom width A B= 36 feet, the 
depth M m = # feet, the ratio of the slopes as 2: 1, and 
the difference of level readings 7 feet at 25 and 24 feet 
from the central stake, respectively measured on the slope 
and horizontally ; required the corrected half width MD, 
MC. 


By Case I. 4x2 + ws = 26 feet = estimated } width M Dy, 


ak ahs 
By Case TL. « yh 99 = 05 fet = corrected } width MD. 


By Case IIT. Be: ie = 25) _. 95 feet = corrected } width MC. 
The formula for finding the corrected half-width, where 
there is both a eutting and an embankment, is thus— 


_ (o—3)s 
MC=7—>5%” 


wherein w is the width of formation level, and the other 


symbols the same as in the previous cases. , 
To find the distance from M to P, where the cutting 


and embankment meet, use the following proportion— 


as pq: Mq::Mm:MP, 


25 
that is, 7:95:14; OA = 14-98 feet = MP, 
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When the sloping surface of the cutting passes through 
the middle point of the formation level, that is, when the 


points M mand P coincide; then wo = 3 », and the 
(o —o’) s 
formula ae = Terr (e- 149) 
dos 


becomes MC =MD=-4 < 
l—rh 


In this case the eutting and embankment are equal. 

By inverting the cross section of this problem it will 
he seen that a like calculation will be required, in the case 
of A PC being a cutting, and B PD an embankment. 


Case IV.—To find the surface width of « cutling where the 
ground is very uneven, 

The annexed figure is a 
cross section of a cutting, 
wherein the surface C M D 
of the ground is very un- 
even. The method of find- 
ing the surface width is 
by approximation, and will 
be best shown by an example in numbers. 

Let A B = 36 feet, Mm = 32, and the ratio of the 
slopes as 2: 1; then M C’= D' = (32 x 2) + (3 
x 36) = 82 feet; lay off this distance horizontally from 
M to d; then d is directly above D’. Observe the difference 
of level readings at M and d, which in this case is 9 feet; 
which being multiplied by the ratio of the slopes, that is 
hy 2, gives 18 feet = approximate distance Dd; whence 
MD=Md+dD =82 + 18 = 100 feet. Again, place 
level staff at D, and the reading will be found to be 9:7 
feet greater than that at M, or 977 — 9 = 0-7 fect greater 
than at d; therefore the place of the point D requires 
further correction, which is thus effected ; 077 x 2= 1-4 
feet = second correction; whence MD = 100 + 14= 
101-4 feet ; which as the latter correction is small, may be 
safely assumed to be the true distance of D from M, or the 
horizontal distance M q. The method of finding the other 
corrected half-width M C = horizontal distance M ¢, is the 
same as that just given, excepting that the repeated correc- 
tions are subtracted from the computed half-width instead 


a C H 
A” B 


R 


& 
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of being added thereto. In this manner the horizontal dis- 
tanée of C from M is found to be 61°8 feet. 

When the differences of the levels at M, @ and D are 
great, it will require three, four, or more approximations, 
similar to those just given, to each of the corrected half- 
widths. 

This cross section may be inverted for an embankment, 
as in the preceding cases. 


Case V.—Zo calculate the quantity of land for « projected 
railway. 

In preparing the estimates for a projected railway, the 
required quantity of land is commonly found, without 
respect to the lateral sloping of the surface of the ground, 
hy taking considerable lengths of regularly rising or falling 
ground in one calculation, the depths of the ends of such 
Teigthsebeing measured for the purpose with the yertical 
seale, 


RuLE.—Find the surface widths, fences included, from 
the given depths, at each end of the given length, by 
Case I., multiply their sum by the length in chains, and 
divide the proditet by 1320* for the product in acres. 


Ewample.—Let the length be 16 chains, the depth of the 
cross sections at the ends 18 and 58 feet, the width of the 
formation level 86 feet, the ratio of the slopes as 2 to 1, and 
the width of the fences 6 feet each; required the area of 
the surface. By Case IL.— 


36 + (18 x 4) + (6 x 2) = 120 = width of one end. 
36 + (58 x 4) + (6 x 2) = 280 = width of the other. 


400 = sum of widths. 
16 


1320)6400 


The content = 4:84848 = 4a. 37, 16p. 


*' The divisor 1320 is thus obtained:—The area of a trapezoid 
being = half the sum of the two parallel sides multiplied by the 
perpendicular distance between them; their sum (400 feet in the 
example), before being multiplied by the length (16 chains in the ex- 
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It is usual in practice to find the actual contents of the 
ground required from the several proprietors for the works 
of a railway, by measurements from the plan. 


Level Book for Railway Surveys. 


A level book of the following form is used in setting out 
the cuttings and embankments of railways :— 


Corrected Half-Widths | Whole 


| Depths of to Edge of Cuttings or | Widtl 
No. of | Cuttings | Computed | Foot of Embanemeata, | tagluding | 
Btake, | poe. | Walk, pot endl, PRencee, 
eota sOtDES | | each 6 feet | 
| mene, | Left. | Right. | in width. 
| | 
feet. feet. feet. | _ feet. | 
ew (183 28°00 57-00 61°80 | 175-20 | 
2 {8s 4:00 21-00 22°63 ; 83:00 | 
= {185} 30-60 60-90 | 64-77 | | 148-09 
(186 | 216 18-24; 18:00 | 49-44 | 
FE 187 | 16°08 39°12 40°68 | 110-92 | 
28 (188 20°00 30°00 | 86°16 | 96°16 
5 | | | 


Notr.—The depths in the second column are found by 
calculation, or by careful measurement from the sections; 
but the latter method is the less correct of the two. The 
computed half-widths, in the third column, are found by 
Case I. ; the corrected half-widths, in the fourth and _ fifth 
column, by Cases II., III., and IV., and the widths in the last 
column are the sums of those in the fourth and fifth plus 
the breadths of the two side fences of the railway. 


ample), would in the ordinary course be first divided by 2. The 
product (6400 in the text) is in terms of chain-lengths 1 foot wide ; 
and to reduce this to terms of square chains it must be divided by 66. 
There being 10 square chains in an acre, the resulting quotient must 
be divided by 10. Therefore, when the sum of the widths in feet is 
multiplied by the length in chains, the product has to be divided by 
2 x 66 x 10 = 1320, to obtain the area in acres. 


Ee a 


CHAPTER XI. 


SUNDRY CASES ARISING IN THE LAYING OUP 
AND DIVISION OF LAND. i 


Tur simpler cases arising in the laying out and division of 
land have already been dealt with in Chapter I., and the 
following cases are intended for the further guidance and 
assistance of the student in the same direction. 


Case I.—Zo lay out a given quantity of land in the form of 
wreetangle, the length of which shall _have a given proportion to 
its breadth < that is, the length shall be to the breadth as 3 to 1, 
or as 4 to 8, or as 5 to 2, de. 

Rutr.—Divide the given area by the product of the two 
terms of the proportion, and the square root of the quotient, 
multiplied separately by the terms of the proportion, will 
give the required length and breadth. 

Examples.—1. Lay out 3 acres of land in the form of a 
rectangle, the length of which shall be to its breadth as 3 
to 2. 

3 x 2 = 6)300000 square links in 3 acres 
50000(223°6 
4 


42)100 : 
84 links. 
670°8 length. 


= 447-2 breadth. 


x 
448)1600 x 3 
1329 
4466)27100 
26796 


B04 
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2, Lay out 6} acres in a rectangular form, the ratio of 
whose length and breadth shall be as 5 : 2. 
5 x 2= 10)625000 links. 


250 x 5 = 1250= length. 
v¥ 62500 = 250, 250 x 2 500 = breadth. 


Case II.—To luy out a triangle, of a given area and a given 
base, one of the sides of which shall have a given position. 

RULE 1.—Divide twice the area by the base for the per- 
pendicular, which erect at any point in the base, and at the 
extremity of the perpendicular and at right angles to it, 
range a line till it meet the side given in position, which 
point of meeting is the vertex of the triangle required. 

Evxamples.—1. It is required to lay out a triangle A BC to 
contain 2u. 27. 16p. on a base AB of 1200 links, the posi- 
tion of A H, of which the side A C is a part, being given, 

By Rule | 
2u, 27.16 p, = 260000 links 

oo 


1200)520000 


A D d B 4334 links=C D 


On any point d of the given base A B = 1200 links, erect 
the perpendicular d¢ = 4334 links ; range ¢ C perpendicular 
to de till it meet A H in C; then BC being joined, ABC 
is the triangle required. For let CD be drawn perpendicular 
to AB, then, by the nature of the construction, CD =e. 
Q.E. D. 

Run 2.—Measure HB perpendicular to AH, the line 
given in position, to the end B of the given base, and divide 
twice the given area by HB, and the quotient is AC, 
which, being measured off, will give the point C. 

2. Solve the last example by Rule 2, the perpendicular 
BH being 860 links. 

26 2 
ee 604-65 links = AC. 


Case IIT.— 70 lay out a trapezium of yiven ured, the positions 
and lengths of two of its adjoining sides being given, and also the 
position of its third side. 

Pay Rutg,-—Join the ends of the two adjacent. sides, thus 
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forming a triangle, the area of which must be found, which 
area must be subtracted from the given area, and the re- 
maining area must he laid out in the form of a triangle, on 
the line joining the two given sides, as base, by Case IL 


Example.—Let the given area of the trapezium A BDC 
be 6 acres, A B, A C the sides that are given in length and 
position, and C H the 
position of the third 
side. Join BC ; measure 
the perpendicular C P,. 
which is found = 840 
links, and C B = 880 
links, A B being = 1200 
links ; whence the area 
of the triangle A BC 
=600 x 840 == 504000 p 
square links; and A P B 
600000 — 504000 = 
96000 = area of the triangle BC D; therefore 96000 x 2 

*= 880 = 218.3; links = perpendicular D Q; which, it will 
be seen, is applied as in Case II. ; thus constituting the re- 
quired trapezium ABDC. CD may also be found as by 
Rule 2, Case IL. 


Case TV.—Zo luy oul arhombotd oy given area, the lengths of 
its sides being given. : 


RutE.—Divide the area by the longer side, subtract the 
square of the quotient from the square of the shorter side, 
and the square root of the remainder is the distance of the 
perpendicular from the end of the larger side, which per: 
pendieular, being made equal to the quotient first found, 
gives the breadth of the rhomboid. 


Examples—1. The 
area of a rhomboid is 
required to be 6 acres, 
and its longer and 
shorter sides to be 
respectively 1200 and 
625 links, required the 
place and length of 
its perpendicular. 
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1200)600000 


500 = perpr. = DE 


390625 
2. 


¥ 140625 = 375 links = A E. 


2, Lay out the figure when its sides are each 4 chains, 
that is, when it is a rhombus, its given area being 
la. 17. Ip. 

Ans, 314:06 links = perpendicular, and its distance 
247-72 links. 


Case V.—TZo divide wny proposed quantity of land from a 
triangle, by a line parallel to one of its sides. 
Ruir.—Since the areas of triangles are as the squares of 
their like or homologous sides, we shall have 
Area AA BC: areadab::AC2: aC. 
See Theor. X., page 6. 


Cc 
SS Evamples.—1. Let the 
\ base A B = 2600 links, 
A CG = 2000,and BC = 
1600, cut off Ga. Ir. 24p, 
by the line “} parallel to 


/ \ AB. 


A B From the three sides 
the area of the triangle 

AB C is found = 1599218 square links, 

and 6a. 17, 24p, = 640000 square links, 

the difference = 959218 = area of Aah C. 
Then per Rule, 1599218 : 959218 : : 2000* : 2399218 ; 
and 4/ 2399218 = 1548-94 links = a C; whence 2000 — 
1548-94 = 451-06 links = Aa. Again by similar triangles 
2000 : 1600 : : 451-06 : 360-85 links = Bd. Therefore, 
measure on the ground the distances A «, B 2, just found, 
respectively, from the points A and B; and range the line 
ab, which will divide the given quantity A B ba from the 
triangular field A B C, as required. . 

Nors.—In this manner a triangle may be divided into any 
number of equal or unequal parts, by lines parallel to any 


\ 
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one of its sides, by successively subtracting the sums of 
2, 3, 4, &e., areas from the area of the triangle, and making 
the remainders successively the second terms of the propor- 
tion. 

2, The sides of a triangular ficld are 900, 750, and 600 
links ; it is required to cut Ov. 37. 28p. therefrom, by a 
straight fence parallel to its least side. 

(ns, The distance from the ends of the least side, on the 
largest and intermediate sides, are respectively 211} and 176 
links. 


Case VI.—Zo luy off any given quantity of lund from an 
trrequluar field, 

Ruie.—First find the area of the crooked or irregular 
part by means of offsets, which area must be deducted from 
the given area, after which the remaining area must be laid 
out by means of the Cases above cited, 


A.—When one side of the 
field is crooked and two straight 
and parallel. 

Evample—Let a Ac Bb bea 
portion of a field or common, the 
side A ¢ B being crooked and 
Aa, BD parallel, the length of 
A.B is 2400 links, and the area 
of the offset piece A c B is found 
to be 227500 square links ; it is 
required to cut off 12 acres from 
the field by a line parallel to A.B, 

12 acres = 1200000 sy. links, 
ollset piece = 227500 ditto 


( 2)9725-00 
24-002 
| 12)4862'5 


405:2=AC=BD 
Therefore, measure the distances 
AC=BD = 405} links on the 
ground, and range the straight 
line CD, then shall the space 
AcBD OC contain 12 acres, 
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B.—When all the sides of the field or common are 
crooked. 

Example.—Let aA BC Dd be a portion of a field or 
common, the boundary of which is crooked, it is required 
to part therefrom 6 acres, by a straight fence running from 
D towards A. 

Measure the four lines AB, BC, CD, DA, taking the off- 
sets on the three first, and finding the area of the trapezium 


ABCD in the usual way, which umted areas are found to 
be 570000 square links, the line A D being 810 links. 


Hence 6 acres = 600000 square links 
Area A B CD and offsets = 570000 ditto 


( 9)3000-0 
1-0 


| 9333-3 


3703 


bot 


74-074 links = perpend. Px, 


Therefore, apply the perpendicular P + = 74:074 links as in 
Case IL., and range the straight: line AP; then shall the 6 


acres he parted from the field as required. 
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Case VII.—T7o divide from a field, bounded by straight 
fences, any given quantity of land, by a line parallel to one of 
the straight fences. 

RuL".—Measure the length of the straight fence or line 
to which the division line is required to be parallel ; divide 
the given quantity by that length, and set the quotient 
perpendicular to the given straight fence, at two points 
near the ends thereof, ranging a line through the extremi- 
ties of the two perpendiculars, and measuring the length 
thereof ; find the area of the trapezoid thus obtained, aud 
take the difference between this area and the given area, 
which difference, being divided by the last measured line, 
will give the breadth to be set out perpendicularly from 
the last measured line, either inwardly or outwardly, 
accordingly as the difference is in excess or decrease of the 
given quantity. 

Evample.—Let « A Bb be a portion of a field or common 
with straight fences, it is required to lay out 100, 27. 167. 
Le line parallel to AB, the length of which is 2200 
inks. 


2)1060000 = 10a, 2r. 16p. 
2200 


11)5300 + 


482 nearly = py =7s. 


Now the perpendiculars p 4, 7s 
being set off, and the line m » mea- 
sured, is found to be 2025 links : 
whence 

482 


(2200 + 2025) x 
(1060000~ 101822 


5 sq. links, and 
=20-6 links, 


the distance to be set perpendicularly 
at both ends of mn, to the right 
thereof, because fhe area cut off by 
m n is less than the given quantity, 
and the straight line, C D ranged 
through the extremities of these 
perpendiculars will be parallel to 
AB, and will ent off the required 
quantity. 
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Nore 1.—Those who are accustomed to operations in 
analytical trigonometry, will find the followimg formule 
much more expeditious for laying out land by means of 
parallel fences, as in Case VIL, especially where a great 
mumber of successive inclosures are required to be laid 
ont:—Let AB=a,o=sine Z A s=sine Z b, S=sine 
(o +s), and P = area A BCD, which is required to be cut 
off; then, 


BGs 


and AD == BC. 
oe 


Whence both BC and AD become known without any 
preliminary measurement, except that of the side AB and 
the angles A and B: and by adding the next area to be cut 
off to P, and calling the sum Q, and then substituting Q 
for P in the formulz for BC, the next following distances 
Bb and Aa may be found; and so on for any number of 


inclosures. 

When A and B are supplemental angles, the lines A uw, 
B b, will be parallel, which makes the problem extremely 
simple; and when the sum of the angles at A and B are 
greater than two right angles, S becomes negative, and the 
lines Aw, BO, will mect on the other side of AB, In this 

° 


“case the formule will become 


BC so+2PS)—e0), 


and AD = 


_Let E be 


Nore 2.—Investigation of the preceding formule. 
nged (this 


the point where Aa, Bd, would meet, if prolo 
point is not shown in the figure), then, 


BE= = area of the triangle ABE = 2 s 


as 


iss? 


A 
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aso 


and the area of the triangle CD E= ip A. Now 


because the triangles ABE, C D £, are similar, 
area A ABE: area ACDE:: BE?: CE, that is, 


@so 2 
=5 =P: ar : CE’, whence 


BC=g("@ - J i@se- 2P8)) 


a 


Also BE: BO::AE:AD=42=pG=2 BU 
BE o 


The other modification of the formule for B C, when the 
point Ei falls on the other side of A B, is derived by making 
5 negative. 


Case VIIL.—To divide a rectungulur piece of ground of equal 
value throughout, either equally or unequally, among any given 
number of claimants, by fences parallel to one of its sides. 

A.—If the parts into which the rectangular space is to 
be divided be equal, it will be only necessary to divide two 
of the opposite sides of the rectangle into the given number 
of equal parts, and range the lines for the several fences to 
the consecutive points of division, and the land will then 
he divided as required. 

B—If the rectangular space is to be divided among 
several joint purchasers, who have paid unequal sums for 
the purchase thereof ; then use the following : 

RuLE.—As the sum of all the sums paid, is to the length 
of the side of the rectangle from which the division lines 
abut, so is any onc person’s stm to the breadth on the side 
of the rectangle due to that person ; then divide both this 
side and the one opposite to it, by laying off the resultin, 
breadths, and range lines to the corresponding points, ane 
the rectangle will he divided by parallel lines, as required, 

M 


162 LAND AND ENGINEERING SURVEYING, 


Ecample.—Divide the 

¥ g i c rectangle ABCD, the’ 
length of which is 1470 

links and its breadth 

G84 links, among three 

joint-purchasers P, Q 

and R, who paid for 

the purchase thereof re- 


A a b B spectively £120, £150, 
£220. 
£120 
150 
220 
- links £ links 
490 : 1470 :: 120 : 360 =Aa = P's breadth 


‘ : 150 : 450 =ab = Q's ditto 
—— : —— :: 220 : 660=)B = Q's ditto 


Whole breadth 1470 which proves the work, 


Case IX.—0 divide uw triunyle of equal value throughout, 
cither equally or unequally, among several claimants, who shall 
all have the use of the same watering-place, situated at one of the 
angles of the triangular field. 

C Evample.—tt is required to divide 
the triangular field A BC among 
three persons, whose claims therein 
are as the numbers 2, 3 and 5, so 
that they may all have ig oe te 

. b * watering-place situate at the angle 
po lp, B Gr AB being = 1000, A C= 
685, and C B 610 links. 

The rule in this Case is the same as in the last. 


As2+3+4+5=10: 1000:: 2: 200 = Ay, 
— 7; === 393 : 800—= 2b, 
2:5: 500 = 0B; 
which are the portions of the base AB, belonging to the 
respective claimants ; therefore, if lines be drawn from and 
b to C, the triangular field will be divided in the required 
proportion, each claimant having the use of the watering- 
place at C. 
Nore.—In dealing with this Case it is not necessary to use 
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the lengths of the side AC, C B, because all the three tri- 
angles A Cu, «Cb, bC B have a common perpendicular, 
and therefore their areas are as their bases. 


Case X.—70 divide u triangular field of equal value through- 
out, either equally or unequally, among sundry claimants, by 
fences running from any given point in one of its sides. 

This is best explained by the following 

Exdmple.—Divide the triangular field A B C, the sides of 
which measure 30 chains = A B, 23 = BC,and19=AC, 
equally among three persons, by fences running from an 
occupation road that meets the side A B at H, which is 14 
chains from A, that all the three persons may have the uge 
of the road at IT. 

Divide A B_ into c 
three equal parts in ‘ 
the points D, E ; from 
H (the point where the 
road meets AB), draw 
H.C; parallel to which 
draw DF, EG meeting — / 
AC, BC respectively, 
in and G; and join % 

H F and ILG, in which G& 5 H 
directions fences being 
made will divide the triangle as required. 

Norr.—This method is founded on the areas of triangles 
between the same parallels being proportional to their bases ; 
but it may be effected by actual measurement on the ground, 
by means of the following preliminary calculation : 


E B 


Another Method. 


>: AD = 4AB:AF, 
1000 : a links = AF; 
and HB : EB=1;AB:BG, 
that is, 1600 : 2300 :: 1000 : 1437} links = BG, 
whence the distances A F and BG may be measured from 
A and B; and from the points F and G the fences of 
division may then be drawn to H. 
Nore.—When the claims of the several personsareunequal, 
it will be readily seen that AB is then only required to be 
divided in the proportion of the several claims, as in the 


AsAH: 
that is, 1400 : 
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preceding case, after which the method will be the same as 
that just given. 


Case XY.—T7o divide an irregular field with any number of 
sides among sundry claimants, so that they may all have the use 
of a pond, situated at a given point within the field. 

The following example explains the method of working:— 

Example.—Three persons, Q, R, and S, bought a fiver 
sided field ABCD FE, having a pond therein at P, for 
which they paid re- : 
spectively £100, £150, 
and £200; it is re- 
quired to divide the 
field into parts, in 
proportion to each 
person’s claim, and so 
that cach may have the 
use of the pond P, the 
quality of the land be- 

ing equal throughout. 
The Jengths in links of 
the sides and the per- 
pendiculars on each of 
them to the centre of 
the pond P are as below, thus constituting five triangies :— 


AB= 864 | Pa = 560 
BC = 827 | P) = 608 
CD = 806 ; P 480 
DE = 682 | Pd = 544 
BA = 990 | Pe= 540 


By multiplying each side by half the perpendicular 
thereon, the sum of the five produets will be the area of 
the field, thus, 


864 x 280 = 241920 = arca of AP B, 
827 x 304 = 251408 = BPC, 
806 x 240 = 193440 = CPD, 
682 x 272 = 185504 = DPE, 
990 x 270 = 267300 = ——— EPA, 


stm = 1139572 acres, the area of the field. 


eS ee . - ee 
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The sums paid for the field by Q, R, and §, are as the 
numbers 2, 3, and 4, the sum of which is 9, therefore, 


9: 1139572 :: 2 ; 253238 = Q’s share. 
- 3; 879857 = Tus do. 
4; 506476 = S’sdo. ' 


Let D P be assumed to be the divisional fence between 
Q and §’s shares; then the area of the triangle D P E = 
185504 acres less than Q's share, therefore 


2°53238 = Q’s share. 
185504 = area of D P £, 


‘67734 = difference. 


'This difference must be taken from the triangle E P A 
to complete Q’s share; this is best done by dividing the 
said difference by half the perpendicular P ¢ of the triangle 
EP A, and the quotient will be the distance E M, thus, 


4 Po = 270) 67734 (250-87 links = EM, 


The distance EM, being nearly 251 links, must now be 
measured from E on EA, which will give the point M, and, 
a straight fence being set out from M to P, will cut off Q's 
share. 

The remainder of the triangle E P A, viz., 2°67300 — 
‘67734 = 1:99566 less than R’s shave, therefore, 


379857 = R's share, 
1:99566 = areaM P A, 


1:80291 = difference. 


This difference must be taken from the triangle A P B 
to complete k's share, as before, thus, 

3 P a = 280) 1:80291 (643-9 links = A N. 

This distance being measured from A towards B, will 
give the point N; and, the fence N P being now set out, 
will divide the field as required ; the triangles N P B, 
BP C,CPD making up the exact quantity required for 
§’s share, as may be readily shown by adding their three 
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areas together, which will prove the accuracy of the werk; 
thus, : 
864 =AB 
6439 = AN 
difference 2201 =NB 
280 = 4 Pa 


61628°0 area N P B&B 


21408 =——BPG 
193440 =—CPD 
sum 506476 = S's shave, which proves the work, 


Nore 1.—If some or all of the fences of the field 
ABCD E had been crooked, the operation of division 
would have been the same, excepting that the quantities of 
the offsets would have to be taken into the account, thus 
making a little additional calculation. It will at once be 
seen that this method of division may he extended to any 
number of claimants, whatever be the shape of the ground 
to be divided, the dotted lines from P to the angles of the 


field not requiring to be measured. 

Nore 2.—In this case the division is effected and 
approved without the aid of a plan, but it would, pevhaps, 
be better for the satisfaction of the claimants, as well as 
for the surveyor himself, to plan the whole of the work ; 
especially as an error in the work might thus he more 
readily detected. 


Case XII.—Zo set out from a field of variable value, a 
quantity of land, that shall have a given value, by «a straight 
fence in w given direction, 

Nore.—This case presents a great variety of cases, the 
most simple of which is first produced. 


A.—C ABD is a portion of a straight-sided field, right 
angled at A and B, and P Qa line, also at right angles to 
A B, dividing the field into portions of different values ; it 
is required to lay off a quantity of land oA B b of given 
value, by a straight fence « b parallel to AB. 


RuLw.—Multiply A P, PB, respectively, by the value of 
the adjoining land, take the sum of the products, divide the 
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value of the whole portion to be laid off with five cyphers 
annexed by this sum, and the quotient will be the required 
breadth A a or Bb, 


Example.—Let A P = 500, PB 
= 700 links; the value of the 
land between A C and P Q £50, 
and that between P Q and BD 
£80 per acre; itis required to lay 
out land to the value of £300, 
bya straight fence « 4 parallel to 
AB. 


Here 500 
700 


50 == 25000 
0= 56000 B b D 


xX 
DA 


81000 = sum of products ; and 
/9)30000:000 = £300 with five cyphers annexed, 


81000, 9)3333°3' 


i 370°37 = 370} links nearly = Aa = BO. 


Norn 1.—If the “ quality ” line PQ_be not perpendicu- 
Jar to AB, it may be made so by “ giving and taking ;” 
especially as the required breadth A a may be nearly known 
by a rough calculation. 


Nore 2.—This case is of great importance, as land of 
variable quality is very frequently required to be laid out, 
in the enclosure of extensive commons, by straight fences 
in given directions for the purposes either of drainage or 
of irrigation, If any crooked portion of the land to be en- 
closed, lie to the left of A B, it must be measured, valued, 
and deducted from the whole value of the land to be laid 
out; then the Rule, here given, may be applied to the re- 
maining value. 

Norn 3.—If the three parallel straight lines Aa, Bd, PQ, 
are not at the same time perpendicular to AB, the Rule 
just given will equally apply, excepting that the distance 
of ab from A B must be laid off perpendicularly to A B. 
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Norte 4,—This rule for laying out land of variable quality 
has not, it is believed, been previously given, the method of 
performing the operation being invariably by approximating 
to the true quantity by means of “ guess lines.” 

To investigate the rule, put AP=a,PB=),Aaz= 
Bb =a, m = value of land above PQ, n = value of land 
below it, V = whole value to be laid out, and 2 = square 

, ¢ aime 

links in one acre; then —7~ = value of land adjoining 
Anew 

AP, and T— = value adjoining P B, 


Lin @ 7 
therefore aor Ss = V; whenco 
— tv = 
—~am+on 


Thisrule may be obviously extended to any number of 
different qualities of land, bounded by parallel quality lines, 
by multiplying the breadth of each quality by its price, and 
taking the sum of all the products for a divisor. 


B.—When the divisional line is required to pass through 
a given point W, where an occupation road and watering 
place is situated, which is to be used by the owners of three 
or more shares of a common of variable value. 

The method of proceeding in this case will be best under- 
stood from the following 

Livample.—Let D A BCE be a portion of a common of 
variable value, W a watering 
place, and dW a road, forming 
part of the divisional line: it is 
required to set out a quantity 
of land of a given value V by a 
straight fence W4; m being = 
value of land between PQ and 
RSs, n= value between RSs 
and Tu,o = value between Ta 
and CE, and p= value between 
PQand Ad, the quantity of which 
is given by boundaries already 
37 determined. ; 
; First draw W F perpendicular 
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to CE, and find the value of the land to the left of d WF, 
let this value =v which in this case is assumed to be less 
than the given value V’; therefore, the value of land 
required to the right of WF will be V —», which put = 
V’, and having adjusted the portions of the quality lines 
Ss, U w perpendicular to WF, as per Note 1, &, page 167, 
let WS =a, SU=), UF =<¢, their sum, or the whole 
distance, W F = s, and Fb =a, the symbols denoting the 
different values of the land being given in the example, and 
J =square links in an acre: then 


21sV' 
=Em+Qa+hjbnt Qa+2b+e)co 
which distance being measured, the straight fence W > may 
now be set out, and the other shares to the right of d Wb 


may be next proceeded with, according to the method 
given in this or the following cases ; 


=Fb 


THE ABOVE EXAMPLE IN NUMBERS, 


WS=a=460,8U =)= 400, UF = c= 420 links; 
the values are m = £30, n= £40, and o = £60 per acre, 
and the value V’ = £80: required the distance Fb or « 
by the preceding formula. 

Here s = a+b +c = 460 + 400 + 420 = 1280 links, whence 
S 2 x 1280 x 100000 x 80 
~ 460? x BOR (DEO AvO ea oe x 40 + (920 + 800 + 420) x 420 x 60 
= aesd00 251-6 links = F 2, 
which determines the position of the fence W 0. 

Nore.—This method possesses the advantage of being 
practicable on the ground without the help of either a map 
or guess-line ; however, in the case of the division of 
commons a map is always necessary for the satisfaction 
of the several parties interested therein. The investigation 
(see page 205) of the above formula is founded on similar 
triangles combined with the same principle as that in A, 
page 168. If there be less than three different qualities of 
land to be laid out, the symbols referring to the additional 
qualities, must be made to vanish in the formula ; and, if 
there be more than three qualities to be laid out, the law 
for the extension of the formula is obvious. 
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C.—To set out from a field or common of any form, and 
of variable value, a quantity of land of given value by a 
straight fence ina given direction. 

Leample.—Let CABD be a portion of a common, of 
variable value, from which it is 
= 8 required to set out a quantity 
; . SG of land of a given value V, 
Plrm-ig-- | by a straight fence « > parallel 
a 7-2 to BN, the quality lines PQ, 
Ah. : RS being so adjusted as to he 

' >> perpendicular to BN at p and 
| rv respectively, as per Note 1, 

! A, page 167, and the value_of 
12) ee jon the land between AC, PQ 
being =m, between PQ, RS = 
Firs n, and between RS, BD = 0. 

irst find the value of the land in the triangle ANB, 
and if the fence A B had been crooked, the ofisets would 
have to be included ; the value of the land to the left of 
BN being supposed to be less than is required to make up 
the given value V. Let the value of the land in the triangle 
AN B=», then the value of the land still remaining to he 
set out will be V — v, which put = V’, let Np =a,pr =), 
+B=¢,pq=rs=a, cot. of the angle CN B= 2a, and 
cot. of the angle DBN = 28, the symbols denoting the 
different values of the land being already given in the 
example, and /= square links in an acre ; then 

2iv' 

2= ————— SS = pqorrs 

an + bn + co + V (an + bn + co)?—dam + Bo)lV' 
which distance may be set out at any two points perpen- 
dicular to NB; and, if the land in question be a common, 
requiring the shares of several claimants to be set out, the 
quality lines may be again adjusted to the right of a2, and 
the next share may then be set out as before. 

Nore 1.—The investigation (see page 205) of the general 
formula just given, is the same in principle as those in the 
preceding cases, being only a little more complex, on account 
of the land to be set out not being rectangular, and therefore 
involving the solution of a quadratic equation. 

Nore 2.—When one or both of the angles C N B, DBN 
are obtuse, their $ cotangents a and f will be one or both 
negative respectively ; and when these angles are right 


— 
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angles, their cotangents vanish ; and the formula for the 
perpendicular breadth pq or 7s becomes 


* = ———,——_ =pqy=7r 
am-+on+eo  2i="8 


which is the same as the formula given in A, page 168, as it 
obviously ought to he. 


D.—When the boundary of the land to be laid out is 
very irregular, also when part of the divisional fence is pre- 
determined, either for the purpose of drainage or irrigation, 
and when the quality lines run irregularly. 

Evample.—Let © A BD be the boundary of a portion of 
common, from which it is required to lay out a portion 
of land of variable value, part of the divisional fence of 
which it is desirable to have in the direction of a water- 
course abcd, and the remainder of the divisional fence to 
run from d to f. 

Join df, and find the value 
of the land included thereby 
and the other boundaries in 
ynestion, and, this value being 
found less than the required 


he 
value, the remaining land still ; 
B 


aS re 


required may be determined 
by assuming two lines, so as to 
form a triangle on d f, as a 
hase, till the correct position of 
the remaining part de f of the 
divisional fence shall be ascer- 
tained, it being’ advisable to 
let the angle ¢, in the required 
fence, fall on the quality line P Q, for the purpose of more 
readily calculating the areas of the two triangles formed 
thereby, and from thence finding their values. 


Case XTIZ.—A.—T0 divide a common of uniform value 
: ; re te 

among any number of proprietors, tn proportion to the values of 

their respective estates. 


In this case the quantities and values per acre of each 
proprietor’s estate must be determined, by survey if neces- 
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sary, and the plan with the quantity of the common, must 
also be prepared ; the value of the common being uniform, 
is not required. 

RuLE.—As the sum of the values of each person’s estate : 
the whole quantity of common to be divided : : the value 
of each person’s estate : to that person’s share. 

Example.—Divide a common of 100 acres among three 
persons, A, B, and C; A’s estate is 120 acres at £4 per 
acre, B's is 180 acres at £5 per acre, and O’s £260 acres at 
£2 per acre. 


& £ 
120 x 4= 480 


:: 480 
900 


ee ee 


99 3 39-9 proof. 


The quantity of each person’s share being now deter- 
mined, the common may be divided by one or other of the 
methods already given. 


B.—To divide u common of variable value among any number 
of claimants, in proportion to the values of their respective estates, 


In this case, the plan of the common with the quantity of 
every different quality of land thereon, must be prepared, 
as well as the quantities and qualities of the several parts of 
each claimant’s estate, in order that the values of both the 
common and each person’s estate may be properly ascer- 
tained ; the quality lines on the common being marked out 
by the valuer or valuers, previous to the survey being made. 

When the survey of the common is completed and 
mapped, with the quality lines laid down thereon, the several 
qualities must be numbered 1, 2, 3, &e., with the values of 
the land corresponding to each number, as determined by 
the valuers. Most surveyors use the letters of the alphabet 
to denote the different values of the land: thus 4 may re- 
present five shillings, b six shillings, vc., per acre per annum, 
By using the letters in this manner a multiplicity of figures, 
which may be confounded with other numbers, is avoided. 
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Before the lands of a common or waste can he divided 
and allotted, both public and occupation roads must be set 
out in the most convenient manner ; they should be straight 
and, as far as practicable, at right angles to one another, as 
this arrangement not only facilitates the division of the land, 
but contributes greatly to the economy of cultivation with 
the plough. All old roads that may be deemed unnecessary 
may be stopped up and allotted to the different claimants, 
or diverted into more convenient directions, at the discretion 
of the Gommissioaers. 

Portions of the common are now to be set apart for 
quarries, sand or gravel pits, if such exist in the common. 
The ground, thus set out, is considered as the common pro- 
perty of the several claimants, for the purpose of build- 
ing, making roads, &e. Also, if there are any good springs 
or ponds on the common, they must be left unenclosed, in 
like manner, for common use; or the water must be con- 
veyed from them by pipes or channels to more convenient, 
situations, previous to the enclosure of the common. 

The lord of the manor in some places claims 3'sth of the 
common, in some y!;th, &e. His claim, whatever it may 
be, must be next set out, after its value has been determined 
from the whole value of the common. The lord of the 
manor will also be further entitled to his share of common, 
in proportion to his property, in the same manner as the 
other proprietors. 

Lastly, when the roads, watering places, quarries, sand 
and gravel pits, and manorial rights have been set out, the 
remainder of the common must he divided equitably, as 
respects quantity, quality, and situation, among the pro- 
prictors of lands, tenements, houses, cottages, &c., situated 
in the parish or township where the enclosure is to be made. 


2uLE.—Having found the sum of the values of each 
proprictor’s estate, and the whole value of the remaining 
yart of the common to be divided, proceed to find the value 
of each proprietor’s share as follows: As the sum of the 
value of each proprietor’s estate, is to the whole value 
of the common remaining to be divided, so is the value 
of each proprietor’s estate to his share of the value of the 


common. 


Jt is unnecessary to give an example in this case. as 
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the laying out of the shares of the several claimants, 
after their respective values have been found by the above 
rule, is only a repetitton of the methods already given, 
on a large scale; and after the work of laying out the 
several enclosures on the ground has been completed, the 
last enclosure or share of the common must be of the 
same value as that assigned by the rule, or so very near to 
it that the ervor is of no importance + otherwise a mistake 
has been made which must be immediately rectified, 


CHAPTER XH. 
PLOT7ING PLANS AND SECTIONS. 


Drawing Instruments.—The simple drawing instruments 
in common use are familiar to all. It is false economy to 
purchase cheap ones, as the best can be obtained at a 
trifling extra cost. 

The author considers that the following only are re- 
quired by the articled pupil at the commencement of his 
apprenticeship—viz., a drawing pen, with turn-up nib ; 
dividers ; 6-inch compasses, double jointed (one leg to carry 
needles, the other to carry ink and pencil points); set of 
spring bows with needle points; pricker; and 2-foot rule 
with divided scales. Such instruments may be carried in a 
leather case made for the purpose. There may also be pro- 
vided with advantage a 12-in. rolling ebony parallel rule. 

The remaining instruments constantly in use are gener- 
ally provided by the surveyor, and consist of drawing. 
board, which should be properly framed of well-seasoned 
pine; ‘T-square and set-squares, 45° and 60°, of pear wood 
or mahogany, with chony edges; well-inished 6-foot stecl 
straight-edge, railway curves, French curves, beam com- 
passes, and protractor, 


Railway Curves are a scrics of thin rulers shaped to 
ares of circles of various radii, usually from 14 to 30 inches, 
and are used for projecting railway curves on plans, and to 
determine the radii of curves already projected. The radius 
of each curve is marked upon it in inches; and when, for 
example, a curve is applied to a plan, the scale of which is 
5 chains to an inch, the marked radius must be multiplied 
by 5 to obtain the true radius of the curve: thus, if the 
radius marked on the curve be 16 inches, then 16 x 5 = 
80 chains = one mile, which is the radius of the curve, 
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French curves are similar, but with several curves on 
one ruler. They can be had in great variety of shapes 
and sizes. 


Beam Compasses.—This instrument, shown in the 
sketch, consists of a beam A A, of any length required, 
generally made of well-seasoned mahogany, Upon its face 
is inlaid, throughout its whole length, a slip of holly or 
boxwood, « «, on which are engraved the divisions, in the 
best instruments to ‘01 of an inch. The Ordnance pattern 
hore illustrated is divided to a scale of chains, 80 of which 


occupy a length of 6 inches, which, therefore, pom 4 
mile, 6 inches to the mile being one of the scales to whic 
at survey is.plotted. 
ores Dies ees B and C, are adapted to the beam; 
of which the latter may be moved, by sliding to any part 
of its length, and its position fixed by tightening the clamp 
screw E. Connected with the brass boxes are the points 
of the instrument, G and H, the point ( being fitted with 
needle point, and H with pen or peneil, which may be made 
to have any extent of opening by sliding the box C along 
the beam, the other box B being firmly fixed at one 
extremity of the beam. , 
The object to be attained by the instrument is the mee 
adjustment of the points G IL to any definite distance apart. 
This is accomplished by two verniers, or reading places, b ¢ 
each fixed at the side of an opening in the brass boxes, and 
affording the means of minutely subdividing the principal 
divisions, @ ¢, on the beam, which appear through these 
openings. D is a clamp screw for a similar purpose to the 
screw EK, that is, to fix the box B, and prevent motion in the 
point it carries after adjustment. F is a slow motion screw, 
by which the point G may be moved any minute distance 
for perfecting the setting of the instrument. 


— 
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The method of setting the instrument may be understood 
from the above description of its parts, in conjunction with 
the following explanation of the method of examining and 
correcting the adjustment of the vernier }, which, like all 
other mechanical adjustments, will occasionally become 
deranged. This verification must be performed by means 
of adetached scale. Suppose, for example, that the beam 
compass is divided into feet, inches, and tenths, and sub- 
divided by the vernier into hundredths, &e. First set the zero 
division of the vernier to the zero of the principal divisions on 
the beam, by means of the slow motion screw F. This must, be 
done with great care. Then slide the box C, with its point 
I, till the zero on the vernier C exactly coincides with any 
principal division on the beam, as 12 or 6 inches. To 
enable us to do this with extreme accuracy, some superior 
kinds of beam compasses have the box C also furnished 
with a tangent or slow motion serew, by which the setting 
of the points of division may be performed with the utmost 
precision. _ Lastly, apply the points toa similar detached 
scale, and if the adjustment be perfect, the interval of the 
points G, H will measure on it the distance to which they 
were set on the beam. If they do not by ever so small a 
quantity, the adjustment should be corrected, by turning 
the screw F, till the points exactly measure that on the 
detached scale; then, by loosening the little screws which 
hold the vernier Jin its place, the position of the vernier 
may be gradually changed, till its zero coincides with the 
yero on the beam ; and the screws being now tightened, the 
‘adjustment will be complete. mn 

The ordinary pattern of beam compass is supplied to fit 
any beam or lath, and has not the yvernier adjustment, 
The best way of using the compass in this case is to lay 
down on a straight pencil line the length ‘of the arc to be 
struck and set the compass to it. _ 


The Circular Protractor.—There are various forms 
of the circular protractor, differing in detail. The sketch 
on the next page represents one of the best class. 

This instrument is a complete circle A A, made from 6 
inches to 14 inches in diameter, connected with its centre 
by four radii a@aaa, The centre is left open and sur- 
rounded by a concentric ring or collar }, which carries 
two radial bars ec, To the opposite extremities of the bar 

N 


178 LAND AND ENGINEERING SURVEYING. 


are fixed verniers which subdivide the primary divisions 
on the protractor to single minutes, and by estimation to 
30 seconds. ‘This vernier, as may be readily seen from 
the engraving, is carried round the protractor by turning 
the tangent screw d. Upon each radial bar ec is placed 
a branch ¢¢, each point carrying at its extremity a fine 
steel pricker, whose points are kept above the surface of 
the paper by springs placed under their supports, which 
give way when the branches are pressed downwards, and 
allow the points to make the necessary puncture on the 
paper. The branches ¢ ¢ are attached to the bars ¢ ¢ with 
joints which admit of their being folded backwards 


over the instrument, when not in use, and for packing in 
its case. The centre of the instrument is represented by 
the intersection of two lines, drawn at right angles to each 
other, on a piece of plate glass, which enables the person 
using it to place it so that the centre, or intersection of the 


cross lines, may coincide with any given point om the 


plan. ; 

If the instrument is in correct order, a line connecting 
the fine pricking points with each other would pass through 
the centre of the instrument, as shown by the intersection 
of the cross lines on the'glass; which, it may be observed, 
are drawn so nearly level with the under surface of the 
instrument as to do away with any serious amount of 


EE 
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parallax, when setting the instrument over a point, from 
which any regular lines are to be drawn. In using this 
protractor the vernier should first be set to zero, or the 
division marked 360, on the divided Jimb and then placed 
on the paper, so that the fine steel points may be on the 
given line, from whence the angular lines are to be drawn, 
nnd that the centre of the instrument may coincide with 
the given angular point in the same line. It is now ready 
to lay off the given angle, or any number of angles, that 
may be required from the given point, which is done by 
turning the tangent screw d till the opposite vernicr reads 
the required angle. Then press the branches ¢e gently 
down, and they wil! cause their points to make the punctures 
in the paper, at opposite sides of the circle; which being 
afterwards connected, the line will pass through the given 
angular point, if the instrument was first correctly set. In 
this manner, at one setting of the instrument, any pro- 
posed number of angles may be laid off from the same 
point. - 

A cheap and useful protractor is that used in the 
Ordnance Survey department. It is 12 inches in diameter, 
of cardboard, with the centre cut ont. The results are 
accurate on account of its large diameter. 


Ink.—All plans (excepting finished architectural draw- 
ings, which may be in sepia,) should be drawn with the 
finest. Chinese ink, prepared by rubbing down from the stick. 
Some skill is required in producing this of the proper 
degree of intensity of black. A very small quantity of 
water is put in the palette by dropping from a colour 
brush, and this small quantity made perfectly black ; 
water may then be added from time to time until the 
sufficient quantity is prepared. The ink dries rapidly, 
and on no account should any fresh ink be mixed in the 
palette containing that first mixed, as lines from such 
ink would rum if a colour wash were taken over them. 
A little powdered alum mixed with the ink will tend to 
prevent such running. 

For making a tracing on which fine lines are not par- 
ticularly requisite, the liquid Chinese ink supplied in small 
bottles by the makers may be used. The lines, however, 
have a tendency to be rubbed ont if the tracing is snb- 
jected to wear, 
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Colours.—The author considers that colours supplied 
in the cake are more economical and cleaner in use than the 
pan colours. Some of the conventional colours used in 
plans are set out below— 


Ray .{ Plan: burni amber. 
Barthwork | (turfed), light green. 

Gesseeve Novia) singimeesied al ; 

. 3. § Elevation : lake, with yellow ochre. 

Brickwork { Plan: carmine or ‘eka 
{ Elevation: light sepia or Indian ink. 
(Plan: dark Prussian blue. 
Woodwork—Burnt sienna. 


Stonework 


Sections to be the same colour as the plan, but darker. 
A greasy surface such as parchment, before receiving ink or 
colour, may first be rubbed gently with a little prepared 
chalk, or clean blotting paper. Ox-gall, or even common 
soap, answers the same purpose, but ink mixed with ox-gall 
invariably runs if a colour wash is applied. 

The colour brushes should be the best red suble. 


Drawing and Tracing Cloths and Paper.—There is 
a great variety of these in the market, cach more or less 
suitable for a specific purpose. Tor estate or engincerig 
chief plans, the best Whatman’s paper mounted on brown 
holland should be used; and for plans not receiving the 
same probable wear, paper varying in quality from What- 
man’s best to ordinary thin «detail paper may be used, 
according to the importance of the drawing. Tracing 
cloths should be selected having regard to their transpar- 
ency, closeness of the thread, and freedom from grease. 
The same remarks as to transparency and grease apply to 
the tracing papers, which also should he sutliciently tough 
to resist tearing, . 
- a] oe are now generally made on the dull side of the 

cloth, 


Pencils.—The best pencils for plotting the notes of 4 ia 
survey are A. W. Faber’s first quality, Nos. 4 or 5- For all- 
round office work a No. 3 is perhaps more suitable. 


Drawing to Scale.—Plans and sections are protracted 
on paper by means of scales, These scales are generally 
ratios of some given defined measurement to a certain 
unit of length on the plan or section—as, for example, @ 


—— 
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scale of 40 feet to an inch; this indicating that a length of 
40 feet on the ground is plotted on the paper in the length 
of one inch, and vice versd, and all fractions of 40 feet on 
the ground are corresponding fractions of one inch on the 
paper. 

_ In some cases the scale is expressed by the fraction which 
indicates the ratio of the length of the line on the paper to that 
of the corresponding line of the ground—as, for instance, 
the scale of the parish maps of the Ordnance Survey, which 
is su. This ratio can of course be worked out to give the 


is 
scale on the first method here referred to, and in the above 
example of the parish map is 25-344 inches to a mile, or 
208'33 feet to one inch. 

The scales are simply flat rulers of boxwood or ivory, 
with feather edges so as to lie flat on the paper, and bring the 
divisions close to it. They are about 12} ins. long, and 
sive a clear divided space of 12 inches. ‘This space is sub- 
divided into primary divisions corresponding to the number 
of divisions required to the unit, as, for instance, in a séale 
of 4 chains to the inch, one inch would be divided into four 
parts, } inch representing one chain. These primary di- 
visions are again subdivided into ten, so that each sub- 
division on the scale in question will represent one-tenth 
of a chain or 10 links. 

In the case of a scale of 40 feet to the inch, each of the 
primary divisions would represent 10 feet, and each of the 
subdivisions 1 foot. An offset scale is 2 inches long, divided 
exactly in the same way as the main plotting scale. : 

In plotting the survey the scale is laid at its zero point 
along the survey line on the paper, and the offset scale is 
placed in front of and moves along the main scale until the 
point is arrived at on the scale corresponding to that on the 
eround where the ofiset was taken. ‘The length of the 
offset is then pricked off along the offset scale with a needle 
or the fine point of a hard pencil. It is, of course, im- 
possible to subdivide the scales beyond certain limits, as 
the closeness of very fine divisions render readings difficult. 
Any subdivision required on the scales and not marked—as, 
for instance, 40 feet 6 inches—is estimated with the eye 
between the distances representing 40 and 41 feet re- 
spectively. 

The scale to which a particular plan is drawn should he 
such.as.to- show clearly the snecific object for which it was 
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made, but no advantage arises from drawing to a larger 
scale than is necessary, for the larger the scale the larger 
the plan, and naturally the more labour. The Ordnance 
maps are drawn to scales described in Chapter XV., “ Pub- 
lications of the Ordnance Survey.” The scale for a survey 
of an estate will vary from 2 to 10 chains to the inch, 
according to the size of the estate and the purpose for 
which the survey is made. 

A plan of a building estate is conveniently drawn to 30, 
33, or 44 feet to the inch. For engineering surveys a scale 
equal to that of the parish maps of the Ordnance Survey, 
208-33 feet to the inch, is very useful, and for Parliamentary 
plans the seales must be those laid down in the standing 
orders, 


Correction for Distances when Measured from 
Plan in Error by Wrong Scale.—It sometimes happens 
that a distance is sealed on a plan using by mistake a wrong 
scale, as, for instance, measuring with a 3-chain scale from 
a plan drawn to a scale of 2 chains to the inch. In such a 
case the error is adjusted by the ordinary rules of pro- 
portion. Assuming the distance to be measured with the 
3-chain scale to be 241 feet, the correct distance (which 
would be measured by a 2-chain scale) is found thus : 


3:2 :: 241 : correct distance. 


The correct distance therefore equals 


Instructions for Drawing Plans.—The paper on 
which the plan is to be drawn should be exposed for 
twenty-four hours in the office before use. ‘The first step 
is to draw the scale on a convenient part of the paper, so 
that, in the event of any shrinkage taking place, the scale 
will be equally affected. The drawing table should have 
its edges rounded off to prevent creasing the paper. 

In plotting a survey the main lines may conveniently be 
roughly plotted on tracing paper to ascertain the shape the 
plan will occupy on the paper. When this is arrived at, 
they may be carefully plotted in pencil on the paper. ‘The 
filling-in lines should then be plotted, and subsequently 
the detail may be proceeded with, the offsets being plotted 
with the offset scale. 


——— ee, eee 
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The detail when finished may be inked in, commencing 
at the left-hand top corner of the plan. When this is done 
the survey lines may be rubbed out, the commencement 
and end of them at their junction with any other lines 
being indicated by a faint red tick, so that they can be 
ruled in again should occasion require without re-plotting 
the whole work. The direction of the north should be 
marked on the plan. The lines for inking in should be 
very fine and all of one thickness. When the required 
thickness has been obtained the nibs of the pen should not 
he altered; they can be cleaned by passing a piece of paper 
between them. 

The best light for this work is obtained ina room lighted 
from the top. 

In colouring, the brush should be held straight, and the 
colour brought in an even wash towards the draughtsman, 
and great care taken not to exceed the limit of the area to 
be coloured. 

The printing on plans is of very great importance to give 
a good appearance. That known as block printing and 
italic writing are the most useful, and an articled pupil will 
find great advantage in studying and copying the italic 
writing on the Ordnance maps. 


Plotting a Survey made with the Magnetic Needle. 
—In a previous chapter on Surveying with the Theodolite, 
an example of a survey with the magnetic needle was given, 
and in the present chapter the protractor is described. The 
reader may now refer to the figure on page 96. To plot the 
bearings, place the protractor at a, so that ab shall have its 
due bearings with regard to the magnetic meridian NS, the 
north and south being represented on the protractor by 
180°; prick off froma, the bearings of af, ab, be, ed, de, rt 
from « draw af and ab, making the latter the length of the 
measured chain line, and from 6 ¢ d and e draw with the 
parallel ruler b¢, ¢ d, de, and ef parallel to their bearings 
pricked off from «, and make them of lengths corresponding 
to the measured chain distances.* 


Plotting Sections.—!n most cases, as already ex- 
plained, surveying operations precede those of levelling. 
The horizontal distances can conveniently be plotted on the 


* Heather's «Mathematical Instruments.” 
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same scale as that of the plan, but this, though desirable, is 
not absolutely necessary. When the heights or vertical 
distances are plotted to ‘the same scale as those horizontal, 
the section is known as a “natural” section. More often 
this cannot be obtained, as when the horizontal scale is 
small—for example, 3 chains to the inch: the measurement 
of vertical distances to such a scale would be uncertain 
and lead to serious error, In such cases the vertical dis- 
tances are plotted to a different scale, as, for instance, 10 
or 20 feet to an inch, the height being thus exaggerated 
to render measurement more convenient. 

In plotting the section the datum line should first be laid 
down in ink, in a very fine line, and the horizontal measure- 
ments taken pricked off along it. Lines vertical to the 
datum line are then ruled in pencil from these points with 
a set-square, and the heights above the datum pricked off 
onthem. These prick holes are subsequently joined, and 
represent the surface of the ground. Yor example, suppose 
the level of a point on the surface to be 25 feet about 
Ordnance datum, and for convenience a datum line 10 feet 
above Ordnance be fixed for the datum of the section. The 
height would be laid off with the scale so as to measure 
15 feet above the datum line. 

The section is then finished as shown in the drawings of 
the section in the chapters on Levelling and Railway 
Surveying. 

Cross-sections can be either plotted to the same scales 
as the main sections, or, as for Parliamentary purposes, to 
scales larger than the main scale. 


Gradients.—A gradient is the degree of slope or rate 
of inclination of any surface, as, for example, a road, railway, 
or sewer. On page 136, the gradient of the proposed new 
railway is shown to be 1 in 100, indicating that the railway 
in 100 feet—measured horizontally—trises or falls 1 foot, 
measured perpendicularly. i 

The method of laying out gradients is by applying one 
end of an extended silken thread to the section at its com- 
mencement, the other end being so applied that the thread 
may cut the profile of the earth’s surface, so as to leave 
equal portions of space both above and below the thread, as 
nearly as can be estimated by the eye, so that the cuttings 
from the parts above the ‘thread may furnish sufficient 


Ge 
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materials to fill up the spaces or parts below the thread to 
form the embankments. A straight edge of glass may also 
be conveniently used for this purpose. 

Tf the position of the first gradient, though in itself 
favourable, should cause the next gradient to be less favour 
able, with regard to the extent of cuttings and embank- 
ments, the position of the first gradient must be altered to 
suit the next following gradient, till it be found that the 
compound result of the cuttings and embankments on the 
two gradients, or on the successive gradients, as now altered, 
shall have less of cuttings and embankments than in the 
preceding case. In this way it is advisable to change the 
positions of the gradients till the minimum of cuttings and 
embankments seems evidently to be attained, due regard 
heing had to the limit of safety in the ascent or descent of 
the gradients, also keeping in view, at the same time, the 
proper height for bridges to cross rivers, &c., the difficulty 
of making the excavations being supposed equal. 


Rule for finding the Rate of Inclination of a 
Gradient.—Divide the horizontal length of the gradient in 
fect, by the difference of the heights of the gradient at its 
extremitics, above the datum line, and the quotient is the 
horizontal measurement to arise or fall of one foot. As 
above stated this is the rate of inclination of the gradient. 

Bxample.—Assume the gradient at its commencement, to 
be 261°35 fect, and at its termination to be 269:20 feet, 
above the datum line ; thus giving arise of 269-20 — 261°35 
= 7°85 feet, and assume the horizontal length of the gradient 
is to be 31°50 chains = 2079 feet. Then 2079 + 7°85 = 
264 (fractions omitted), or a rise of 1 in 264, or of 20 feet 
per mile. 


Enlarging and Reducing Drawings. — Various 
methods are in use for enlarging and reducing drawings, 
all approximating nearly to accuracy of results. If the 
utmost accuracy is indispensable, and the survey notes are 
at hand, the best method is to re-plot the work to the scale 
required, The methods referred to are i— 


(1) By proportional compasses. 
(2) By the pentagraph. 
(3) By the aldogent 
(4) By the method of squares 
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(1) By proportional compasses.—-This instrument is supplied 
with a good set of drawing instruments, and when the 
drawing to be dealt with is small may be 
used. The illustration will explain the 
instrument, the bar C sliding between the 
legs of the compasses and being fixed in any 
position by means of the milled-headed screw. 

(2) By the pentagraph.—The pentagraph 
consists of four brass bars, A B, A C, DP, 
and FE; the two longer bars, A B, AC, are 
connected by a movable joint at A; the two 
shorter bars are connected in like manner 
with each other at F, and with the longer 
bars at D and EF, and, being equal in length 


to the portions AD, A E of the longer bars, form with them 
an accurate parallelogram A DPE in ev ery position of the 
instrument. Several ivory castors support the machine 
parallel to the paper, and allow it to move freely over it in 
all directions. The arms A B and D F are graduated and 
marked 3, 3, &c., and have each a sliding index which can 
be fixed to any of the divisions by a milled-headed clamping 
screw, seen in the engraving. “The sliding indices have 
each of them a tube, adapted either to slide on a pin, rising 
from a heavy circular weight called the fulerum, or to 
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receive a sliding holder with a pencil or pen, or a blunt 
tracing point, as may be required. : 

When the instrument is correctly set, the tracing point, 
pencil, and fulerum will be in one straight line, as shown 
by the dotted line in the figure. The motions of the tracing 
point and pencil are then cach compounded of two circular 
motions, one about the fulcrum, and the other’ about the 
joints at the ends of the bars, upon which they are re- 
spectively placed. ‘The radii of these motions form sides 
about equal angles of two similar triangles, of which the 
dotted straight line B C, passing through the tracing point, 
pencil, and fulcrum, forms one side; hence the distances 
yassed over by the tracing point and pencil, in consequence 
of cither of these motions, have the same ratio, and, there- 
fore, the distances passed over in consequence of the com- 
ination of the two motions, have also the same ratio, which 
is that indicated by the setting of the instrument. 

The engraving represents the pentagraph in the act of 
reducing a map to the scale of half the original, Tor this 
purpose the sliding indices are first clamped at the divisions 
on the arms, marked 3; the tracing point is then fixed in 
the socket at C, over the original map; the pencil is next 
placed in the tube of the sliding index, on the bar DF, over 
the paper to receive the copy; and the fulerum to that at 
B, on the bar AB. The machine being now ready for use, 
if the tracing point C be passed delicately and steadily over 
every line of the map, a copy, but of one half of the scale 
of the original, will be marked by the pencil on the paper 
beneath it. ‘The fine thread represented as passing from 


the pencil quite round the instrument to the tracing point 
C, enables the draughtsman at the tracing point to raise the 
acer from one 


pencil from the paper while he passes the tr ‘ 
part of the original to another, anil thus to prevent false lines 
being made on the eopy. The pencil holder is surmounted 
by a cup, into which sand or shot may be put, to press the 
pencil more heavily on the paper, when found necessary. 

If the object were to enlarge the map to double its scale, 
then the tracer must be placed on the arm DF, and the 
pencil at C; and, if a copy were required of the same scale 
as the original, then, the sliding indices still remaining at 
the same divisions on D F and AB, the fulcrum must take 
the middle station, and the pencil and tracing point those 
on the exterior bars A B, A C of the instrument, 
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Though: the pentagraph affords the most rapid means of 
reducing a map or drawing, we cannot recommend its use 
for enlarging a copy, or even for copying on the same 
seale, especially if the original drawing is a complicated one. 

(3) By the eidograph.—This instrument is more reliable, 
owing to its construction, than the pentagraph. It has the 
disadvantage of being expensive, a 30-inch eidograph costing 
£14, The instrument has only one point of support on the 
paper, the joints being fulcrunis fitting in accurately ground 
bearings. It can be sct to enlarge or reduce a drawing in 
any proportion, thus differing from the pentagraph, which 
ean only work according to the divisions engraved on it. 

(4) By the method of squares.—-This method, although in 
reducing sufficient accuracy is secured, is at best laborious. 
The method may be best shown by an example. Let Fig. 1, 
of the two annexed sketches, represent a plan of an estate 
which it is required to copy upon a reduced scale of one- 
half, The copy will therefore be half the length and half 
the breadth, and consequently will oceupy but one-fourth 
the space of the original. 


Fig. 2. 


Draw the lines FI, FG at right angles to each other ; 
from the point F towards I and G, set off any number of 
equal parts, as Fa, wb, be, &e., on the line FI, and Ii, ah; 
il, &., on the line FG: from the points in the line FJ, 
draw lines parallel to the other line F G, as aa, bd, cc, &e., 
and from the points on FG, draw lines parallel to FI, as 
ii, kk, 1l, &., which being sufliciently extended towards I 
and,G,.the whole of the original drawing will be covered 
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with small and equal squares. Next draw upon the 
paper intended for the copy, a similar set of squares, but 
having each side only one-half the length of the former 
as is represented in Fig. 2. 

It will now be evident that if the lines AB, BC, CD, 
&e,, Fig. 1, be drawn in the corresponding squares in Tig. 2, 
a correct copy of the original will be produced, and of half 
the original scale. 

Commencing then at A, observe where in the original 
the angle A falls, towards the bottom of the square marked 
de. In the corresponding square, therefore, of the copy, 
and in the same proportion towards the left-hand side of it, 
place the same point in the copy : from thence, tracing 
where the curved line A F crosses the bottom line of that 
square, Which crossing is about two-fifths of the widths of 
the square from the left-hand corner towards the right, and 
cross it similarly in the copy. Again, as it crosses the 
right-hand bottom corner in the second square below de, 
describe it so in the copy ; find the position of the points 
similarly where it crosses the lines ff and gg, above the 
line 27, by comparing the distances of such crossings from 
the nearest corner of a square in the original, and similarly 
marking the required crossings on the corresponding lines 
on the copy. Lastly, determine the place of the point B, in 
the third square below gh on the top line; and a lino 
dyawn from A in the copy, through these several points 
to B, will be a correct reduced copy of the original line. 

Proceed in like manner with every other line on the 
plan and its various details, and (assuming, of course, that 
the work is done with suflicient care and accuracy) the 
plot. or drawing will be laid down to a small scale, yet 
bearing all the proportions in itself exactly as the original. 

The process of enlarging drawings, by means of squares, 18 
a similar operation to the above, excepting that the points 
are to be determined on the smaller squares of the original, 
and transferred to the larger squares of the copy. The 
process of enlarging, under any circumstances, does not, 
however, admit of the same accuracy as reducing. 

‘ Copying Drawings. —- Several methods of copying 
plans and drawings are in use, as follows :— 

Copying by tracing.—This is the most common method, 
a sheet of transparent tracing paper or cloth being placed 


190 LAND AND ENGINEERING SURVEYING, | 


over the drawing, the lines of which, visible through the 
transparent medium, are duly marked on it. 

By transfer paper—A. sheet of tracing paper, having its 
under side rubbed over with powdered black lead, is laid 
upon the paper intended to receive the copy ; the original 
is then placed over both, and a tracing point is carefully 
passed over the lines of the drawing with a pressure 
proportionate to the thickness of the paper; and the 
paper beneath will receive corresponding marks, forming 
an exact copy. 

Copying by reflected light throngh « copying glass.—In 
this method the drawing is placed on a large sheet of plate- 
glass, called a copying glass, and the paper to receive the copy . 
placed over the drawing. The glass is then fixed in such a 
position as to have a strong light to fall upon it from 
behind, and to shine through it, and both the original 
drawing and the paper to reecive the copy. By this means 
the lines of the original drawing become visible through the 
paper to receive the copy, which can be made with ease, 
without any risk of soiling or injuring the original. 

Copying by pricking off.—This process is very commonly 
used. ‘The plan to be copied is placed over a shect of 
paper, and all points, forming the divergence or commence- 
ment of lines, are pricked through on to the paper beneath by 
means of a very fine needle, known as a pricker, supplied 
with every case of instruments. : 

Copying by the pentagraph, eidograph, and method of squares. 
—These methods for enlarging and reducing have been 
already described, and it will be readily seen how they can 
be adapted for producing a copy the same size as the 
original. 

Photography, as well as heliography or sun printing, is now 
commonly resorted to where more than one copy 18 
required, the advantage being that any number of copies 
can be prepared from one tracing. 

Heliography is practised in three ways—namely, by the 
ferro-gallic process, in which the lines: appear black on a 
white ground; by the ferro-prussiate process, in which the 
lines appear white on a blue ground ; or by the ferri-cyanide 
process, in which the lines appear blue on a white ground.* 


* Appliances and instructions for these processes may be obtained 
from Mr. W. F. Stanley, Great Turnstile, London, W-.C, 


CHAPTER XU. 


CALCULATION OF ARLAS AND CUBICAL 
CONTENTS. 


Tie reader is referred to the chapters on Practical Geometry 
and Mensuration at the beginning of this work, where the 
rues, formule, and tables of measure necessary for ordinary 
calculation are set out. The object of the present chapter 
is to present the methods commonly in use among surveyors 
of applying such rules and formule in practice. 


AREAS. 


To reduce square links to acres.—Ruiu. Cut off 5 
figures to the right ; the remainder will be acres. Multiply 
the 5 figures by 4, and again cut off 5 figures ; the 
yemainder will be roods. Multiply the 5 figures by 40, and 
again cut off 5 figures ; the remainder will be perches, 


Methods of Determining Areas. 


The following are the methods in general use:— 

(1) By calculation, in certain cases applicable, without 
protracting the measurements on paper. 

(2) By protracting the measurements, and, in the event 
of the enclosure having irregular boundaries, finding the 
area of the figure enclosed within the survey lines, and 
adding to it (or subtracting from it in case the survey line 
is outside the enclosure) the small triangles or trapezinms 
formed by the offsets and the space between the boundary 
of the enclosure and the survey line. 

(3) By protracting the measurements, and reducing the 
irregular boundaries to straight boundaries by means ot 
what are termed “give and take” lines, thus forming a 


a 


192 LAND AND ENGINEERING SURVEYING, 


regular figure or an irregular polygon with a smaller 
number of sides than in the second case, 

(4) By the computing scale. 

(5) By the planimeter. 


In all cases the position of the ditch with reference to the 
fence must be taken into account in calculating the area, as 
the line on the paper thus ————— represents the centre 
of the quicks of the fence, as already explained. (This 
matter is dealt with in that part of the chapter on Chain 
Surveying relating to boundaries, page 40.) 


(1) Areas by calculation only, without protracting on puper.— 
In the case of a triangle, square, rectangle, parallelogram, 
circle, and its parts or ellipse, the area can be computed 
from the measurements, without plotting them on paper, 
by the ordinary rules of mensuration. Similarly, the area 
of a piece of land measured by equidistant offsets or 
ordinates, according to Simpson's rule (see page 19), can 
be ascertained. The area of a triangle can be computed 
from its three sides, as shown on page 16, or hy trigono- 
metry, as on page 81. 


(2) Areas from protracted measurements, without give-and- 
take lines—The ordinary method in this case, as also in case 
No. 3, is to make a tracing in ink of the enclosure, and 
to mark on it the allowance from the centre of the fenee 
for the ditch. This, then, represents the actual extent of 
land in question, and the figure of a trapezium is split. up 
into triangles—or, in the case of an irregular polygon, into 
triangles and trapeziums as most convenient—the measure- 
ments for the necessary calculation being taken from the 
plan with a scale. Such divisions of the enclosure are best 
marked with thin red lines, each subdivision (triangle or 
trapezium, as the case may be) being marked with a dis- 
tinctive letter. An example of this method of computing 
is given below. It cannot compare with that in which give- 
and-take lines are used, as the areas of numerous small 
triangles and trapeziums have to be ascertained which in 
the other method are avoided. 


Example.—Find the contents of an enclosure from the 
following field-notes -— 
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toa 
2504 0 
2000 74 
1650 | 187 
1430 90 
1220 44 
850 30 
425 110 
000 0 
LOC 
to@C 
o| 1316 
sor] a7 
198 | 708 
98 458 
0 |. 000 
L.@B 
to @ B} 1056 to © 4 
1946 | 0 
1490 | 96 
1200 162 
1000 } 112 
600 
520 50 
000 
From | @A | goN. i. 
A 


Having drawa the figure, the proof line Bd will be found 
to be 1056 links, as in the field-note. 


Double areas. 
2644224 triangle A BC 
653112 offsets on A Band AC 
3297336 sum 
» 199016 deduct areas on BC 
2)3098320 difference 


15-49160 = 15a. 17. 384p. nearly, the area required.* 


(3) Computation of the area by reducing the crooked sides to 
straight lines, by give-and-take lines.—By this method, straight 


* Tho observations in the chapter on Chain Surveying page 37) as 
to long offsets apply equally in this case. 
ce) 
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lines are drawn on the plotted figure, so as to include 
as much space in the area which is to be measured as 
they exclude, as nearly as can be judged by the eye; the 
area to be measured is thus reduced to a figure bounded 
by straight lines only. The method of drawing these 
lines is usually by a straight edge of glass or ruler of 
transparent horn, or by a silken thread stretched, the 
ruler or thread being moved over the crooked fence, till it 
appear to the eye to 
enclose as much of the 
adjoining ground as is 
left out; a line is then 
drawn in this position, 
and so on for other 
crooked fences. Thus 
the trouble of calculating 
numerous offsets is com- 
pletely avoided, and with 
proper care equal accu- 
racy is obtained. 

We shall adopt the 
last example for this 
method of taking out 
the area, that it may be 
seen how near the tivo 
methods agree. 

A tracing of the figure 
being made, with the 
allowance from the 
centre of the fence 
marked on, the three 
lines AB, BO, CA 
must now be drawn, in 
such a manner, that the 
parts excluded by them 
. may be equal to the 
parts included, as nearly as can be judged by the eye. 
The base A C will be found to be 2584 links, and the per- 
pendicular Bb = 1200 links, Whence 


2584 x 120 
3 E = 15-50400 = 15a. 27. Ip. 


C 


Tf the area found by the first method be taken from the 
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area just found, it will be seen that they 
differ by little more than one pole out of 
re acres, or little more than 1 in 4000: 
thus 


1240 square links, or a little less 
than two poles. 


(4) Areas by the computing seale—The 
computing scale is here shown. Areas 
can only be worked out from plans drawn 
to the same scale marked on the com- 
puting scale. A common scale is 3 chains 
to the inch. The computing scale can, 
however, be had divided as required. 

It consists of a boxwood rule, in the 
case now described, of 20 inches long, and 
adapted to 3 chains to the inch; con- 
sequently the length of 20 inches will 
represent 60 chains, or 6 acres for a strip 
1 chain wide. The length of the scale is, 
therefore, divided into 6 parts, cach sub- 
divided into 4 to represent roods as 
shown in the figure. The upper edge of 
the scale reads from left to right, viz., 
from 1 to 6 acres, and the lower, sub- 
divided as the other from right to left, 
viz, from 7 to 12 acres. A metal frame 
arranged to lie flat on the paper slides 
in an undereut groove of the main scale. 
In the centre of the frame is an index of 
strained wire in line with the zero ona 
scale of perches on the frame, which are 
arranged to read from 0 to 40 from left 
to right on eachside of the index, to 
correspond respectively with the main 
scale when read either on the lower or the 
upper edge. The space occupied on the 
frame of 40 perches is equal to that of one 
subdivision or 1 rood on the main rule. 


The scale is used as follows:—A piece of tracing paper 


196 LAND AND ENGINEERING SURVEYING, - 


is fastened over the plan, and on this tracing paper are 
drawn parallel lines 1 chain apart, equal in this case to } 
inch. ‘The computing scale, with its index at zero on the 
main scale, is placed on the first of the parallel lines on 
the paper enclosing any part of the estate. The scale 
must be placed in such a position that the index forms a 
vertical give-and-take line at the commencement of laying 
it on each parallel space. The frame is then moved along 
the scale until it arrives at the edge of the estate comprised 
within the first parallel space where a similar give-and-take 


line is made. Without moving the index the scale is then 
taken up and placed over the second parallel space, and the 
operations described above are repeated until the index 
reaches the end of the rule, or 6 acres. The scale is then 
turned round so as to read with the lower edge, care being 
taken to place the index at the same spot on the paper 
where it registered the 6 acres, When the whole estate has 
been traversed the number of perches shown by the reading 
of the index, added to the number of acres and roods 
traversed, will give the area. ‘The illustration shows the 
method of adiudging the give-and-take line, © 
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(5). Areas by the planimeter.—This is an extremely deli- 
¢ instrument, so liable to injury in ordinary use as to 
ise anxiety as to the accuracy of measurements made 
with it. It consists, essentially, of two arms jointed together 
so as to move with perfect freedom in one plane, and a wheel 
which is attached to one of the arms, and which, turning 
on this arm as an axis, records by its revolutions the area 
of a figure traced out by a point on the arm to which it is 
attached, while a point on the other arm is made a fixed 


centre about which the instrument revolves. * 


Correction for Areas Measured for Plan, in error, 
py wrong scale. 

Occasionally it may occur that an area is measured from 
a plan by mistake with a scale other than that to which the 
plan is actually drawn. To take an example, assume that a 
plan is drawn to a scale of 2 chains to the inch, and the 
dimensions from which the area is ascertained are accident- 
ally scaled from the plan with a scale of 3 chains to an inch. 
The area (represented by 10 square inches on the plan) is 
apparently (though incorrectly) 9 acres, or 90 square chains, 
measuring with the 3-chains scale. The actual area 1s 
of course less, since an equal number of square inches on the 
plans drawn to3 and 2 chains to the inch respectively, repre- 
sent a less area on the ground in the case of the 2-chains 
seale than in that of the 3-chains scale. 

The actual area is thus tound by the ordinary rules of 
proportion, remembering that the units dealt with are 
iu square measure :— 

32: 22:9 acres ; correct area. 


9 acres x 2? 
—— 4 


7 acres, 


Correct area = 


CUBICAL CONTENTS. 


The content of a solid rectangular body, such as a square 
block of stone, is easily computed. Before proceeding to 
calculations for estimating the contents of cuttings which 
are largely worked out by tables, a few simple examples of 
estimating cubical contents of common objects required in 
ordinary agricultural practice may be given. 


* Heather’s “Mathematical Instruments.’? 
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Excavations of Pits with Sloping Sides. 


In the case of excavating for a pit, such as a marl pit, 
the sides are sloped back to prevent earth falling in, and 
then two cases are presented: (1) Where the bottom of 
the pit is taken out so as to be parallel with the surface. 
(2) Where the excavation is irregular. 


Case I.—The excavation has tug top and bottom forming 
two parallel plane rectilineal figures with its sloping sides 
trapezoids. It is, therefore, a prismoid, and the prismoidal 
formula, which is here repeated from the chapter on Men- 
suration for convenience, will apply. . 


RuLE.—Add together the areas of the two ends, and four 
times the area of a section parallel to the two ends and 
midway between them, multiply the sum by the height, 
and + of the product will be the volume. 


Evample—Required the contents of a pit, the top of 
which is a rectangle 12 feet x 10 feet, the bottom section 
8 feet x 6 feet, and the depth 4 feet. 


Top section 12 x 10 = 120 square feet. 


Bottom section 8x 6= 48 9 
Middle section 10 x 8= 80 - 
Content =!120 + 48 te Xx 80)] x4 = 3254 cubic feet. 


In this case the sides are regularly sloped, so that the 
middle section can be obtained by calculation. If the 
slope of the sides is not regular, the dimensions of the 
middle section must be determined by actual measurement. 

The mean depth must be obtained by taking several 
equidistant depths, and ascertaining the average. 

If the top and bottom of the pit are not rectangular, 
their areas, as also the area of the middle section, would 
have to be ascertained by the rules of mensuration relating 
to the particular figure presented by them. 


Case II.—The rule for the contents of an irregular solid, 
quoted in the chapter on Mensuration, will apply, viz. :— 
Divide the figure into any even number of parallel and 
equidistant sections, and find the area of each section, Add 
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together the first area, the last area, twice the sum of all 
the other odd areas, and four times the sum of all the other 
even areas, multiply the sum by one-third of the length 
hetiveen each section. 

Example.—Kive equidistant sections of a solid are taken, 
the common distance being 10 feet, the areas of these 
sections in square feet are 37, 52, 69, 87, and 107 respec- 
tively for the volume of the solid. 


Volume = [(37 +107) + 2 (69) + 4.(524+87)] x 34 eub. ft. 
= 2793 cub. ft. 


= 103-4 cub, yds. 


Contents of Material Heaped on Surface. 


The reader will be able to ascertain the contents of 


clay, or marl, or other materials heaped on the surface, by 


applying the ordinary rules of mensuration. 

{é will often be found that dimensions may be taken so 
as to get an average horizontal section and average depth 
hy “giving and taking.” In such cases the more laborious 


calenlations are dispensed with. 


Contents of Railway Cuttings, &c. 


In making the estimates for a projected railway, the 
contents of the several cuttings, embankments, &e., are mm 


most cases found by tables caleulated for the purpose, the 
surface of the ground being considered as on the same level 


as the centre of the line. But when the projectors of the 
line have been empowered to construct it, cross-sections of 
the cuttings are carefully taken at every variation of the 
surface of the ground, especially if the surface be side- 
lying, or inclined laterally with respect to the direction of 
the line. ‘The distance of these cross-sections may vary 
from 10 or 12 chains to less than 1 chain, according to the 
regularity or irregularity of the slopes of the surface. These 
cross-sections must next be plotted on a large scale, and 
their areas found by the ordinary rules of mensuration, 


preparatory to finding the contents 0 


f the euttings by tables 5, 
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but if the surface lines of any of the cross-sections he level, 
or so nearly so as to be readily reduceable to a level surface 
line, their areas need not be found, their depth only being 
required for finding the contents by the tables. 

For this purpose various tables have been published, such 
as Buck’s “Handy General Earthwork Tables” (London : 
Crosby Lockwood & Son), and the tables given in Moles- 
worth’s “ Pocket-Book of Engineering Formule” (London : 
E. & F. N. Spon). 

Two sets of tables are mainly used, (1) in which the 
height or depth of the embankment or cutting, respectively, 
is given in feet, the length in Gunter’s chains of 66 fect, and 
the contents in cube yards; (2) in which all the measure- 
ments are in feet, the length being in chains of 100 feet. 
It will be seen that this table is applicable to any measure 
when the length, height (or depth), and contents are of the 
same unit. 

In addition to these tables, supplementary tables are 
given in some works, showing the contents on sidelong 
ground where a horizontal equating line is not drawn to 
give the height, but the areas are taken out from cross- 
sections. 

The utmost accuracy must be observed in the measure- 
ments of height (or depth), and the calculation of the content 
therefrom, as an approximate height, varying say 6 inches 
from the true height, produces a very serious error if the 
length in question is considerable. The contents are, 

therefore, better calcu- 

lated with measure- 

! ments of height of every 

3 inches. The contents 

are given in two columns 

in the tables—(1) for the 

central part, which is the 

frustrum of a wedge 1 

chain long, and (2) for both slopes, which are frustrums of 
pyramids, as in the illustration. 

For further elucidation of this subject, the student may 
be referred to Buck’s “Tables,” 
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Contents of Stacks. 


‘The reader is referred to the Tables of Measure, page 
14, for hay and straw measure. The weight of hay varies 
as its density, which can be estimated correctly only after 
some experience. Stacks vary in weight from 8 stones 
to 16 stones per cubic yard. The weight of a stack can be 
estimated sufliciently accurately by cutting out a portion 
extending to the centre of the stack from the top to the 
bottom, weighing it and measuring the space it formerly 
oceupied, and applying these data to the total number of 
yards contained. 

Stacks are generally 
ways set out below. 


made in one or other of the several 


Case I.—Z'o measure a stack straight from bottom to eaves 
and with circular base 


Rune.—-Square the average circumference, multiply by 
-08, and multiply the product of these 
dimensions by the perpendicular height 
to the eaves. This gives the content 
to the eaves. 

For the conical top, square the cir- 
cumference at the eaves, multiply by 
‘08, and by one-third of the perpen- 
dicular height from the top to the 
eayes. 


Case IX.—To measure a stack bulged from top to bottom 
and with circular base. 


In this case Simpson’s rule (see page 19) must be used, 
by finding the area of an odd number ‘ 
of circular sections (circumference* 
x 08), taken at equal perpendicular 
distances from the bottom. 

Multiply the area of the base of the 
top part remaining, after the lastsection 
is taken, by one-third the perpendicular 
height from this point to the top of 
the stack. 
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Case IIT.—To measure a stack with rectangular base and 
perpendicular ends. 


Multiply the length by the average width (between 
bottom and eaves), and the 
product by the height ‘rom 
the ground to the eaves. 
For the top multiply the 
area at the eaves by half the 
height from this point to 
the top of the stack. 


Case IV.—To measure a stack with rectangular base, pris- 
moidal body, and perpendicular ends. 


For the content of the body apply the prismoidal formula, 
see page 19. This is here reproduced for convenience. 
Add the area at the bottom to the area at the eaves. Add 
four times the area of a section parallel and midway between 
them, multiply the sum by the height to the eaves and 
divide by six. This gives the cubic content of the body, 
For the cubic content of the top, multiply the area at the 
eaves by one-half of the perpendicular height, from the 
eaves to the top of the stack. 


Case V.—Zo measure uo stack with rectangular base, pris 
moidal body, and sloped ends, 


The cubic content of the body is found as in Case IV. To 
find the content of the top with the sloped ends, take twice 


\ 


the length at the eaves, and add the length at the top; mul- 
tiply this sum by the breadth at the eaves, and again by the 
perpendicular height from the eaves to the top, and one- 
sixth of the product will be the content of the top. 
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Measurement of Timber. 


The Table of Timber or Wood Measure is set ont on 
page 15, 

Timber less than 26 inches in cireumference (or girt) is 
generally sold at an inferior price to timber exceeding that 
girt. The girt is taken with a piece of whip-cord, which, 
when divided into four, gives the quarter-girt, the dimen- 
sion of which is measured with an ordinary two-foot rule. 
The girt must be taken in the middle of a tree, if it taper 
correctly ; if not, several girts must he taken, from which 
the average girt can be ascertained, - : 

Rule,—Take the quarter-girt in inches, deduct linch for 
bark for every foot of girt, and square the result. This 
gives the mean sectional area. Multiply.this by the length 
of the tree in feet, and divide by 144 ; the quotient gives 
the content in cubic fect. 

‘The timber under 26 inches girt is sold as a cord of wood 
which is 8 feet x 4 feet x 4 feet high = 128 eubie feet. 


Weights of Materials. 


For convenience of calculation a few weights per 
foot of materials are set out below :— 


enhie 


1 cubic foot clay = 119 lbs. 

1 % eartl 77 to 125 lbs. 

J % sand = 100 to 117 Ibs 

1 ay 6 to 1 cement conerete = 130 lbs. 

1 3 brickwork in lime mortar = 112 lbs. 

1 93 ‘ cement mortar = 115 Ibs. 
1 9 gravel = 100 to 110 Ibs. 


CHAPTER XIV. 
MISCELLANEOUS CALCULATIONS AND 
BXAMPLES. 


I. To find the area of « trapezium, when its four sides ave 
given, two of its opposite ungles being together = 180°, 


Let a, b, c, and d be the four sides, and s = half their 


sum ; then, A= ¥y (s—a) @6- b) (s—c) G- d). 


II. Zo find the area of « trapezium when its two diagonals 
and the angles of their intersection are given. 

Let D and A be the two diagonals, and a the angle of 
their intersection ; then 


fa Renee 

TIT. ABC isa triangle, in which the base AB and a point 
D therein are given, DC is a quality line, making @ given angle 
with AB, it is required to determine CD so that the triangle 
ABC may contain land of a given value. 

Pub AD =a DB=), CD=a, J = square links in 
an acre, sine ¢ D =, the values of the land adjacent 
to a and b respectively, m and n per acre, and V the given 
value; then the areas of the triangles AC D, BCD are 


. ao% bow ‘ aome 
respectively 37 and ~j7- and their values are —37— and 


eae oi ” whence 2" a v4. — = V, and 
2V1 


= Fm + bn) — ODg 


whence the position of the point C becomes known. 
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Cor. When CD is perpendicular to A B, ¢ = 1, whence 
the above formula becomes 
_ 3vl 
~am+ bn 
_ Iv. In making an extensive survey, the fundamental 
lines AB, BC, CD, D A were 


=D, 


micasured, and the distance C P D 

noted; but the distance AP te 

was accidentally omitted. It is B 
required to lay down the lines A P 


independently of this distance ; 
and give a solution when A D 
= DP, 

Put AB=a,BC=),CP=¢,PD=d,DA= e,and 
AP=a; then PB=a—2a; and by trigonometry cos. ZA PD 


&+a—e@ _ (ay tol 


¢ 


=cos.. ZBPC=- Ida Fe (a—2) 3 whence 
2 _ (c+ 2d) a+ Ue-V+e)+e(F—e) ,_ ac(d?—e)__ 
+ pict c+d : ay 


acubie equation from which the value of « may be found, 
which determines the distance A P. 

When AD = DP, that is, when d = e, the above 
equation becomes 
10-24) , 4 Ae - BE) 

e+d e+d 
a quadratic equation, from which the value of «= A P may 
be readily found. 

Investigation of fornule.—As the formule for dividing 
land, at pages 169-170, B and C, Case XII., are given 
without investigation, the processes of deducing them are 
here given. 

(1) By referring to the definition of the symbols, and to 
the diagram at page 168, B, it will be seen that the right- 
angled triangles WS s, WUu, WF4, are similar, therefore, 


50) 


anv 
si@tia:—-=S8s, 


g:esa +b; et — Vu; hence 


206 LAND AND ENGINEERING SURVEYING, 


the area in acresof WSs=3WS'Ss=, 
‘ m= i ons Qe \ba 
petite = pedir ys ret 


~8 l % 
of Und F=e (Unt FU PHE ae ey 


Then these areas, being multiplied by their respective 
values per acre, and their sum equated to the required value 
V', give 

Oa (2a+ b)bne (2ut 2b+ejcon ye 

2st ~ 7 ale ats _ \ 
2b8V' 
whence «= im Bafo)bn- (2a 20-+e)c0 = 


Cor. I. If there be only two qualities of land to be thus 
laid out, ¢ must be made to vanish in the above formula, 
whence it. becomes 


Vb, 


ee 
=Em+ Qao+ b)bu 42 

Con, IL, Tf there be four different qualities of land, let 
the breadth of the additional quality be @, and its value Ps 
then the formula becomes 

- 2 8V' Kb 

a m+ (204) bn+ (QED +e) coe(LAFVbt Berd dp 
the law of extension being sufficiently clear. 


(2) By referring to the diagram at page 170 ©, Case XID, 
and to the symbols on the same and following page, it will 
be readily perceived, that by drawing a perpendicular from 
« on NB (which ig not shown in the diagram), that 
@q=a—2 xa, whence the area in acres of the trapezoid 


(u—aw) a, 


L 


the area of B bs7 is found = os the area of the rect- 


Noqp=4 (Np+uq) pg= 


-in a similar way 


angle p gsr being obviously ale By multiplying these’ 
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three areas by their respective values, and putting their 
sum equal to the required value V’, their results 


(a-—az)ma+ (c—Bz)or+bnz 
l 


= V’; whence 
(wm + Bo) e@—(am+bun+e0)a+1V'=0; and, by 
solving this quadratic for the reciprocal of a, there results 
a nS BING 

an+bn+co+y (am+bn+ co)? —4(am+ Bo)lV' 
Norr.—The method of adapting this formula toa greater 
ov less number of qualities of land is sufficiently clear, from 
the different modifications of the preceding formula in Cor. 
I. and II. 

V. The side of an equilateral triangle is = a, and its area 
=A, prove that 


« 


=pqorrs; 


A= te 73. J 


VI. The base of an isosceles triangle is = a, one of its 
equal sides = , and its area A ; prove that 
A=lta/ (26 + 0) (2Qb—c). 
VII. In a triangle are given the perpendicular = p, the 
angles opposite the perpendicular = a, and #, and conse- 
quently the third angle = 7; prove that 


p sine y 
A=s5——*+ 5: 
2 sine a sine B 


VIII. A BCD is a trapezium, in which the angies at A 
and © are equal, and AB =a, BO= 0, CD =¢, DA=d, 
the half sum of all the sides = s, and the area = A; then 
prove that 

_ ad+be “i 

A= Tape V 56-48) G06) (Seo). 

IX. n a trapezium ABCD, are given two opposite 
sides, AB = a, CD =4, the angles at A, B, and C, respec- 
tively =a, B, and y, and consequently the fourth angle D 
=; then prove that 


Aa “Sine a sine 6 —b sine y sine 3 


2 sine (a+ 8) © 
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xX. In a trapezium ABCD, are given the three sides 
CB=a,BA=),AD=¢, and the angles at A and B 
respectively = @ and #; then prove that 


A =14 absine B + besinea — acsine a + p) | 


XI. Ina pleasure ground A BC D, known to be rectan- 
gular, only the following dimensions could be taken, on 
account of obstructions from buildings, shrubberies, and 
ponds, viz., the distance A E to the point where the per- 
pendicular B E falls on the diagonal A C, and the prolon- 
gation E F of B E till it meet the side C D; it is required 
to find the area of the pleasure ground, when A E = 32, 
and E F = 4 chains. Ans. 64 acres. 


XII. A large building is known to be of a square form, 
but no one of its sides could be measured on account of 
obstructions from other buildings ; however, from a point 
P three streets diverge directly to its three nearest angles 
A, B,and C. NowP A = 60, P B= 40, and PC = 70 
yards ; required the side of the building. 


XIII. Within a rectangular garden, the length of which 
is 4and its breadth 3 chains, there is a piece of water in 
the form of a trapezium, the opposite angles of which are 
in a direct line with those of the garden, the distances of 
these opposite angles, taken in ‘succession, are 20, 25, 40, 
and 45 yards; required the area of the water. 

Ans, 960 square yards, 


XIV. Given. the three perpendiculars of a triangle, from 
the angular points to their opposite sides, 10, 11, and 12 
chains, to find the area of the triangle. : 

E Ans, Ta. Or, 4h p. 


KV. Three objects, A, B, C, are observed at a point D, 
exterior to them ; the distances of the objects are known to 
be as follows, AB = 8, BC = 12, and AC = 7} miles: 
the angles ADC, ABD are respectively 25° and 19°; 
required the distances AD, BD, and CD. 


XVI. A gentleman intends to make an elliptical garden 
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the principal axes of which are to be as 3 to 1, and the 
fence of which is to include three trees, one at the end ot 
the transverse axis, the second 6 poles from it, and the 
third the same distance from the second, the three trees 
forming a right angle at the second ; required the axes and 
area of the garden. 

Ans, Major avis 16-7613 poles, minor avis 55871 poles, 

ared T3'55 sq. poles. 


XVII. In an elliptical enclosure of one acre the principal 
axes are as 5 toed; required the length of a chord, which, 
fastened to the end of the longer axis, will allow a horse to 


graze half an acre, 
Ans. 48'45473 yards, 


XVIII. Given the diagonals and two opposite sides of a 
trapezium to construct it, when the area is a maximum or 
a@ minimum, 


XIX. Ina trapezium ABD Care given all the sides, A B 
=41,BD=),DC=¢, CA=d, and the diagonal BC 
e e, to find the diagonal A D, without constructing the 
igure, 


An. AD= Jere —ab SMe Esse I 


in which g = = and i = ae 


XX. There are given the four sides of a trapezium, and 
a line joining given points in two of its opposite sides, from 
which it is required to construct the figure. 


XXI. The five sides a, b, ¢, d, and ¢ of an irregular field 
are given, in which the angles between a and 6, b and ¢, ¢ 
and d, are equal but not given; from these data it is re- 
quired to lay down the field. 


XXII. A gentleman has an elliptical garden, the prin- 
cipal axes of which are 50 and 40 yards, enclosed by a 
prick wall 13 fect high. He ordered his gardener to place 
his seat at equal distances from the centre, one of the foci 
and the boundary of the garden, and around the seat to 
make a gravel walk of equal breadth taking up vs of the 

P 
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area of the garden, and to be of such a nature, that, while 
the gentleman is seated, and the gardener moving along the 
middle of the walk, the gentleman’s eye, the gardener’s 
utmost height, and the top of the wall, may be in the same 
straight line; the height of the gentleman’s eye(when seated), 
and that of the gardener, being 4 and 6 feet respectively. 
Required the position of the seat, and the nature and 
breadth of the walk. 


Ans. The equal distances of the seat from the centre, foens, 
ond curve = 10°7812 yards; the wall:sis elliptical, its 
aves being 11% and 9% yards, its breadth 24 yards, and the 
position of the wall: with respect to the seat being the same 
as the fence of the garden. 


XXIII. In atriangle ABC, AB =u, BC=),CA=s, 
and from D, a given point in A B, the distance DB = d, 
DE a line meeting BC and dividing the triangle, so that 
AABC:ABDE:: m:n; then prove that 


@ 
< bu 

BE= oS j 
- dim 

But if it be found from the calculation that B Eis greater 

than BC, and that the divisional line will meet A C in some 

point F; then if the triangle ABC: the figure BDC 


:m:n, prove that, 
Ar= ae (ue _ nu) 


m (a _ dy . 


_ XXIV. A BC Disa given trapezium, and ‘I'a given point 
in A.D, from which a line TE is drawn to meet BC in EL, 
so that trapezium ABCD: trapezium DCET:: m: x. 
Now, since the trapezinm A BCD is given, if the sides A D, 
BC be prolonged till they mect in Z%, the point: Z will also 
he given ; therefore, put AZ =u, BZ = b,DZ=e,CZ 

d, and TZ = f; then prove that 


Bye tiles = od) 4 ed 
f 

XXV. It is required to divide a given trapezium into 
four equal parts, by two straight lines perpendicular to one 
another, re : 
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XXVI. The widths of a laterally sloping railway cutting 
from the centre of the line are expressed generally by the 
following formula : : 

ds 
arh 


the positive sign being used for the width measure down 
the slope, and the negative one for that up the slope, in 
which formula ) = 3 width of the cutting, assuming its 
surface to be level, i = difference of level readings at the 
distances s and J on the slope and level, and 7 the ratio of 
the slopes. See figure page 147. 2 

Let « and } be the depth of a railway cutting, to 
the intersection of the slopes, / = length of the cutting, 
= 3 bottom width, all in feet, and 7 = ratio of the 
slopes, the surface of the cutting being assumed to be hori- 
zontal, then prove that the content of the cutting in cubic 
yards is 


i 


lr fs SO 
SI (« tab+l =) 

XXVII. When wand } are the depths of a horizontal 
cutting to the formation level, and the other dimensions 
the same as in the last Example, then prove that the content 
of the cutting in cubic yards is 

ur 


= {a +ad +452 Wd} 


wn 


XXVIII. Let A and B be the areas of the cross sections 
of a cutting to the intersection of the slopes, d the area of 
the end of the prism below the formation level, and [ the 
length of the cutting, then prove that the content in cubit 
yards is 


1 
gi AtB+ VAB-32) 


XIX. Let the dimensions be as in Example XXVI; then 
prove that the error in defect of the method of finding the 


content of a cutting by using the mean depths is 


in (a —}) 
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a 


— ¥X. Let the dimensions be as in Example XXVIII; 
then prove that the error in excess of the method of finding 
the content of a cutting by using mean areas is 


fa VA~ VBP 


CHAPTER XV. 
PUBLICATIONS OF THE ORDNANCE SURPEY. 


Historical Sketch.—The Ordnance Survey Department 
of Great Britain and Ireland publish for the use of the 
public a series of maps of the entire Kingdom, drawn to 
various scales, as set out in tabular form on the next page. 
These are known as Ordnance Maps. The name Ordnance 
Survey was derived from the fact that, up till 1855, the 
survey was conducted by the Honourable Board of Ord- 
nance, which is now abolished. The survey is now under 
the control of a Director-General, responsible to the Board 
of Agriculture. 

The survey appears to have originated for military pur- 
poses in 1747, after the crushing of the 1745 Rebellion, and 
was first commenced in the Highlands of Scotland, the 
heart of the insurrectionary movement. It was ultimately 
extended to the whole of Scotland, excluding the Islands. i 

Owing to the inferiority of the instruments used, the 
results first obtained presented in reality more a magnificent 
military sketch than an accurate plan.* 

In 1787 a base line was measured on Hounslow Heath, 
near London, and the triangulation of France connected 
with that commenced in Great Britain. Another base line, 
54 miles long, was also measured the same year on Romney 
Marsh, in Kent, for a base of verification ; and in the sum- 
mer of 1794 another base of verification, 7 miles long, on 
Salisbury Plain, was also measured. On the last-mentioned 
base, the main triangulation of the United Kingdom rests. 
The triangulation of the accurate Survey of Scotland was 
commenced in 1809, and that of Ireland in 1825. 

The Ordnance Survey of the Kingdom is now complete 


* See ‘The Ordnance Survey of the United Kingdom,’’ by Colonel 
f. P. White, R.E. 
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and the maps are revised and brought up to date at 
intervals. 

The extreme accuracy of the survey may be judged 
from the fact that, when the base of Salisbury Plain 
was computed from the Irish base, 350 miles distant, 
through a long intervening chain of triangles, the com- 
puted base differed from the measured length by less than 
5 inches. 

The Ordnance Maps of Great Britain ar 
Southampton, and those of Ireland in Dublii 
._ . The following is a list of the principal Maps published :— 


_published at 


Inches to Statute + | 
Natural | One Statute] Miles to | Fhsins to | Rewinrke: 


Mile. One Inch. 


126-720 | 0-0079 

120° 00083 
60° 
53d 


} Town Maps. 
C 


‘adastral or Parish 
Maps of the United 
Kingdom. 


| 
| 
| 
| 
\ 
] 
| 


6 OG 13°3 County Maps of the 
United Kingdom. 
1 1 80 General Map of the 


United Kingdom, 


The General Map, on the scale of 1 inch to a statute 
mile, is useful for military purposes, or for reading the 
character of a large district. In it are shown the roads, 
railways, towns, villages, &c. It is published as follows :— 


(1) For England and Wales in two sets of maps— 

(a) The maps of the original survey on a scale of 
linch to a mile. The maps are uncoloured, 
and the hills engraved. 

()) The new l-inch General maps, reduced from the 
G-inch maps. These maps can be had either 
coloured or uncoloured, and with or without 
hill shading. © The contour lines, or lines of 
equal elevation, are marked. 


* The London agent is Mr, E, Stanford, 26-27, Cockspur Street, 
Chating Cross, 8..W. a 
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(2) For Scotland, the maps of the original survey. They 
have the contour lines marked, and can be had 
coloured or uncoloured, and with or without hill 
shading. 

(3) For Ireland. These maps are reduced from the 
G-inch scale, and can be had coloured or uncoloured. 
Generally speaking, they are ised without contours. 


‘The County Maps, on the scale of 6 inches to 1 statute 
mile, ave of great assistance for estate or engineering pur- 
poses, the information on the l-inch maps being amplified. 
‘The maps for the United Kingdom are published uncoloured, 
and, with rare exceptions, without hill shading. The con- 
tours are marked, and also the position and relative altitude 
of the Ordnance bench marks. 


‘he Parish Maps, on the scale of 25:344 inches to 
the statute mile, or sveo (= 20833 fect to 1 inch), attain to 
an almost inconceivable ideal. One square inch on the 
paper represents as nearly as possible one acre on the 
ground. All the matter of the 6-inch maps is reproduced, 
‘with the exception of the contour lines, which is rendered 
unnecessary by lovels indicated on the highways shown on 
the maps at frequent intervals. Every pareel of land is 
numbered, and its area computed. 

In maps published since 1884 the area is given beneath 
the number on the map. In maps published previous to 
that date the area is given in area books published with the 
maps. ‘The maps can be had either coloured or uncoloured. 
Maps of the whole of England and Wales are published 
on this scale, with the exception of moorlands and 
uncultivated portions. Similarly, parish maps of the 
greater part of Scotland, and of some parts of Ireland, are 
also published. 


Parish Indexes are published with these maps, and 
give very useful information. They show the position 
practically of every farm in a parish, and give also the 
eon and names of every parish represented on the 
imcex, 4 


'The Lown Maps.—as will be seen from the Table on 
last page, these maps (for the United Kingdom) are drawn 
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to three scales—viz., 126-720 inches to 1 statute mile, or 
Mes 


soo; 120 inches to 1 statute mile or ;3;; and 5 feet to the 
nile, or No new surveys of maps are now plotted to 
the scale of 53%, as the ;3y is more conyenient, and maps 
of few towns only can be had on this scale (viz. 3x). 

Maps of some towns can be had on both scales of 5 feet 
and 126-720 inches to the mile, respectively, but the latter 
has in recent years been substituted for the former 5-feet 
map. The maps can be had coloured or uncoloured. 

The importance of-the ;y map can be seen from the fact 
that frequent levels and bench marks are given, and that 
it represents a plan on the scale of 41-6 fect to an inch, 
which is ample for a building plan, so that drains, pipes, and 
other details can be marked thereon with the greatest 
nicety. 


Town Indexes are published with these maps, showing 
the sheets into which each town is divided. 


Engraving, &c.—The l-inch maps are engraved on 
copper, the remainder are produced by photo-zincography, 
the reduced photographic negative of the plan being trans. 
ferred by a carbon print to a zine plate from which the map 
is to be printed. 


Official Catalogue. —The Director-General of {),, 
Ordnance Survey publishes a Catalogue* of the Ordnance 
Maps with the price of each and their various scales, 


Levels on the Ordnance Maps.—The levels on the 
Ordnance Maps are referred to a datum known as Ordnance 
datum, which is explained in the Chapter on Levelling jy 
this work, page 117, i 


Publications of the Geological Survey.—In addition. 
to the Maps, &c., of the Ordnance Survey mentioned above, 
Maps* and Memoirs of the Geological Survey are issued 
under the superintendence of the .Director-General of the 
Geological Survey of the United Kingdom. 


* Obtainable of Mr. E. Stanford, Charing Cross, London , Wz 
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EXAMINATION PAPERS. 


BY permission of the Secretary and Council of the Insti- 
tution of Surveyors, the Royal Agricultural Society Pt 
England, and_the Incorporated Association of Municipa 
and County Engineers respectively, the following papers, 
set at recent examinations of those authorities, are repro- 
duced as a guide to students, 
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I. EXAMINATION PAPERS OF THE INSTITUTION 
OF SURVEYORS, 1897. 


@ 


LEVELLING (FIELD WORK). 
Directions. , 
Take section over course marked ont, Chain a line set 
out over Tough ground, giving intermediate distances. Take 
angles with the theodolite. 


SURVEYING AND LEVELLING. 
Time alowed—Three hours. 


Nore.—All Candidates are required to attempt questions Nos. 1, 2ands. 
Candidates other than Building Candidates will receive full marks Jor any 
10 questions correctly answered. Building Candidates ‘will receive full 
marks for any 8 questions correctly answered. Candidates omitting to 
leave figures by which results are arrived at, will risk a loss of marks in 
case of @ wrong answer being given through accident, Questions 1, 2, 8, 
6, 7 and 9 carry higher marks than the remainder. 


e lines it would 


1. On the plan given, draw in pencil th 
ake a complete 


be necessary to run, to enable you to m 
survey with the chain only. 


2, Compute the areas of the enclosures in the corner of 


the plan above mentioned, giving the results in acres, roods, 
and perches ; one of these enclosures must be computed by 


means of the ordinary plotting scale, and the other in any 
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way the Candidate may elect. (Enclosure No. 1, if well 
done and a correct answer arrived at by the ordinary plotting 
scale, will carry full marks). 


3. From the field notes given, lay down the survey lines 
and plot a plan to a scale of 2 chains to an inch. 


4, Required to set out a circular space for a Reservoir 
to contain 1 acre, 1 rood, and 20 
perches ; give the radius in links. 


5. Divide the triangle ABC 
into three equal portions by lines 
parallel to the side AB. AB= 
2,500 links; AC = 2,100; and 
B C=1,800, Give the area of 

p ABC, and the distances A a, a b, 
and be, 


6. The points A and B are only both visible from one 
point C. Lines CD = 1,260 links and C E = 1,040 links 
were run, and the following angles 
were taken, viz. :— 

AD C= 67° 30, ACD= 
45° 0, ACB = 70° 20, 
BCE = 89° 10° and 
BEC = 81° 50". Find 
the length A B in links. 


7. Plot the above figure to a scale of 1 chain to an 
inch, and give the distance A B as it measures upon your 
plan. , - 


8, A traverse round a wood is as follows :— 


AtoB= 290 links, bearing 255° 5’ Ae 3B 
BtoC = 1,000 ,, » 194° 10° 
CtoD= 680 » 6 TT? 1 De aC 


give the calculated distance D to A. 


9. Protract and plot the above to a scale of 1 chain to 
an inch, « 


10. Convert 17 acres, 1 rood, and 20 perches (statute 
measure) into square yards. 


_ 11. How would you determine the latitude of any posi- 
tion (on land), and what instrument would you require ? 
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12, Mlustrate and describe in what way you would pro- 
duce a survey line obstructed by a large tree or building. 


13. If a plan is plotted to a seale of 3 chains to an inch, 
what proportion does the area of the plan bear to the 
ground # 


AKTERNOON Paper. Time allowed—Tuwo hours and @ half. 


Note.-—All Candidates ave required to attempt questions Nos. 1 and 2. 
Candidates other than Building Candidates will receive full marks. for py 
9 questions correctly answered. Building Candidates will receive full 
marks for any 7 questions correctly answered. Candidates omitting t0 
leave figures by which results ave avvived at will risk a loss of marks in 
case of a wrong answer being given through accident. Questions 1, 2, 8, 9, 
and 11 carry higher marks than the others. 


1, Make up the level book on the back of this sheet. 


2. Plot the following section to a horizontal scale of 2 
chains to an inch, and to a vertical scale of 20 feet to an 
inch :— 


ou 

Ed : 
S 

4 3 


3. In setting out the centre line for a new 
vailway, illustrate and describe in what way 
proceed to connect two pieces of straight by 
say, 10 chains radius. 


Dis- 
tances. 
Chains. 


Feet. 


Height 
’ above 


road or a 
you would 
i. curve of 


4, Before commencing to take a series of levels brietly 
describe how you would ascertain if vour level was 1n 
adjustment. 
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5. The point A being inaccessible and at a considerable 
altitude above the surrounding country, illustrate and 
describe in what way you would ascertain its height above 
the point B (the nearest convenient point of observation), 


using a theodolite for the purpose. 
| Distance. | Height. 
Chains, Feet. 


a 
6. Give the rates of inclination between 


the given points of level taken upon a line os a4 
chained along the invert of a watercourse. 300 | 4 
6-30 
8-00 


7. What is the rate per chain (in fect and decimals) of a 
gradient rising 1 in 250? 


8. Give the levels of points B, C, and D on a continuous 
section, the level of point A being 25 fect, and the horizontal 
distances and angles as follows :— 


A to B, 12 chains; angle of elevation, 8° 20’ 
BtoC,; 9 |; i depression, 4° 25’ 
ito Di. 1s) we elevation, 2° 15’ 


9. The telescope of a theodolite set 4°25 feet above the 
point A haying a level value of 25 feet, is directed towards 
the bottom of a staff at B, and shows an angle of elevation 
of 10° 4’; it is then directed to 10 fect on the staff, when 
it shows an angle of elevation of 10° 35’. Required the 
horizontal distance A. to B in fect, and also the level of 
point B. 


10. Illustrate by diagram the difference between “ true” 
and “apparent” level, and give a rule for determining 
same. 


11. Construct a triangle A B C, having its sides A B = 3 
inches, BC = 23 inches, and A C = 13 inches. Suppose 
the points A, B, and C to be trigonometrical stations of a 
survey, and that from a point D of a traverse A bears 120°, 
B 150°, and © 165°, find the point D by construction, 


12. Explain and illustrate by, diagram how you would 
obtain the distance to.an inaccessible point, using only chain 
and poles. 
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LeveL Book For QuEstTION No. 1. 


=z 
Back | Inter- | Fo a 
Bieht. {mediato.| signe. | Rise. | Fatt. HOME| atncc, Remarks, 
Feet. | Chains. 
6°60 45°80 | 0 
4°00 1:00 
5°70 H 2-00 
“80 12°20 } 3°00 
6-90 4:00 
11-20 | 5-09 
4 13°12 6-00 
4°80 | 7-00 
8°30 | | 8-00 
1:10 13°75 | 1 9-00 | ‘ 
6-70 | | \ 1000 
5°70 | 11-00 
8-10 | 12-00 
2-90 15°05 13:00 | (1st side of 
710 14:00 Pond water 
10°60 14°30 level 
11°70 15:00 
10°80 16°00 ( 2nd side of 
710 16°40 Pond water 
13°75 6°85 17-00 \ level. 
11°10 \ 18-00 . 
8-60 19:00 
2°30 . 20-00 
“85 21:00 


Nots.—A candidate before presenting himself for examination 
is required to do certain preliminary work in Surveying and 
Levelling, particulars of which can be obtained from the 
Sceretary of the Institution. 


MENSURATION. 
Time allowed—Two hours. 
1. How many rods of brickwork are there in a circular 
pier 4 feet in diameter and 20 feet in height ? 


2, A circular water-tank is 12 feet internal diameter, 
and is 10 feet deep. A drawing of it was made to a scale 
of 3-inch to a foot, Someone carelessly scaled it with a 
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scale of j-inch to a foot. What error would be made in 
calculating the number of gallons contained in the tank 
when full? 


3. A road rises with a gradient of | in 75 from its eom- 
mencement to a point distant 14 miles (on a horizontal 
datum). It then falls with a gradient of 1 in 100 to its 
termination at a further distance of 140 chains (on a hori- 
zontal datum). What is the difference of level between the 
beginning and the end of the road ? 


4, The air in a room 30 feet x 25 feet x 10 feet has to 
be changed three times in an hour by air conveyed through 
a pipe 6 inches in diameter. At what velocity must the air 
move in the pipe to do this? 


5, A shower of rain is registered to give 14 inches. 
How many gallons would have fallen on a field containing 
100 acres ? 


6. What is the sectional area of a cutting with slopes as 
shown in the sketch, and how many cube yards are there 
in a chain of this cutting ? 


eS fete. = -=-% 


7. A railway bank is half a mile in length, and is 20 feet 

above the ground at one end, and 30 feet above the ground 

at the other. The slopes are 2 tol thronghout, How many 
is 


acres of ground does it cover ? 
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II, EXAMINATION PAPER 
- OF THE 


ROYAL AGRICULLURAL SOCIETY OF ENGLAND, 


MENSURATION AND LAND SURVEYING. 


Maxuxum Nusper or Mangs, 200. Pass Number, 100. 
Time allowed—Three hours. 


N.B.—The answers ave to be written upon one side only of the sheets 
supplied. The Candidate is required to write his number upon each sheet 
at the viyht-hand top corner ; to see that the sheets are paged consecutively 
at the top-centre of each sheet; and to fasten the sheets together at the 
left-hand top corner, care being taken not to cover up the nwnbers of the 


questions. . ‘ 
The name of the Candidate is not to be written ipon any of the sheets. 


Number of Candidate —----— - 


3 of this paper, draw in 
run to enable you to make 
thout the aid of angular 


1. On the plan given on page 
pencil the chain lines you would 
and plot a complete survey wi 
instruments. 

Nore.—Zhe Cundidate must not 
minutes over this question. 

2, Compute the area of the enclosure marked I on the 
plan given on page 3 of this paper, using the ordinary 
plotting scale, and giving the result in acres, roods, and 
perches. 


spend more than twenty 


g 
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3. Make up the level book on page 2, filling in the rises, 
falls, and reduced levels (heights above base) 


4. In the triangle A BC, the length of the side A B is 
1,000 links, the angle A BC = 40° 30, the angle CA B= 
70° 25’. Give the length of the sides AC and CB, 


Cc 


(aia 


A B 


5. Calculate the number of cubie yards of earthwork in 
a railway cutting 4 chains in length, the ends and centre 
being of the sections shown below [sce opposite page], and 
side slopes 14 to 1. 

6. Describe the pocket sextant, and the method of gids 
justing it. 


7. What are the scales used in the published maps of 
the Ordnance Survey of England 4 


8. What course would be followed by the line of sight 
of a theodolite placed at Greenwich, and having its tele- 
scope directed at right angles to the meridian, the line of 
sight being indefinitely produced ? 

What course would be followed by a line laid out from 
the same starting point and in the same original direction, 
and continued indefinitely from station to station by similar 
compass bearings ? : 


227 


EXAMINATION PAPERS, 


228 s APPENDIX, 


Ill. EXAMINATIONS OF THE INCORPORATED 
ASSOCIATION OF MUNICIPAL AND 
COUNTY ENGINEERS, 


LAND SURVEYING AND LEVELLING. 


1. Show chain lines necessary for surveying plot below ; 
also give form of field book showing the imaginary readings 
when making the survey. ? 

(Sketch of an irregular polygon was given.) 

2. Explain and give sketch how to ascertain the width 
of a river by using the chain only upon one side of the 
river. 


3. Give at least twenty levels along a line having four 
changes of the instrument, and enter the imaginary levels 
in a sketch page of a level book, 


INDEX. 


CRE, local measures of, 14 
Acreage, computation of, 

with Gunter’s chain, 24 

Acute angle, 1 

Acute-angled triangle, 2 

Aneroid barometer, 130 

Angle, definition of, 1; measure 
of, 3; to divide, 7 

Angles, measuring by theodolite, 
83; with magnetic needle, 83, 
85; repeating, 85 

Angular measurement, instru- 
ments for, 53 

Apparent level, 99 

‘Are of circle, definition of, 3; to 
find length of, 18 

Area of ellipse, 19; triangle, 16, 
81; square, 16; rectangle, 16; 
parallelogram, 16 ; trapezium, 
16; trapezoid, 17; regular 
polygon, 17; irregular polygon, 
18; circle, 18; sector of circle, 
18; segment of circle, 18, 19; 
measured by wrong scale, cor- 
rection for, 197 

Areas and lengths, 16—19, 191 

Arrows, 24 

Association of Municipal and 
County Engineers, examina- 
tion paper of. 228 


BrAck sights, 115 
Barometer, 100, 130 

Base of verification, 83 : 

Base line, 36; to extend where 
possible throughout survey, 36 
prolonged and verified, 95 

Battens, width of, 15 

Beam compasses, 176 

Bearings by prismatic compass, 
55; by box sextant, 58 

Bench marks, 113, 118 

Boning rods, 106 

Boundaries, 40 

Box sextant, 56; adjustment of, 
58 

Building, symbol of, on plan, 27; 
estate, scale for, 182; how 
surveyed, 28 


(JALCULATIONS and eX- 
amples, 204 
Chain surveying, 23—52; general 
observations, 40 ~ 
Chain, of links, 23; of 100 feet, 
24; Gunter's chain and 100- 
feet chain compared, 24; test- — 
ing and comparing with stan- 
dard measurement, 26; adjust- 
ment of length of, 26; method 
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of reading, 23, 30; method of 
folding up, 30 

Chaining, method of, 29 

Check line, 37 

Cheshire acre, 14 

Chord, definition of, 3; of circ’e, 
to find length of, 18 

Circle, definition of, 3; cireum- 
scribing polygon, 17 ; inscribed 
in polygon, 17; length of cir- 
eumference of, 18; length of 
are of, 18; length of chord of, 
18 ; area of, 18; sector of, 18; 
segment of, 18; to find centre 


of, 10 
Circumference, definition of, 3; 
divided into degrees and 


minutes, 3; of circle, to find 
length of, 18; of ellipse, 19 

Clinometer, 69 

Collimation, line of, 66, 
method of reducing levels, 12 

Colours, 180 

Compass, variation of, 53 

Compound levelling, 112 

Computing seale, 192, 195 

Cone, 4 

Contouring, 127 

Contour lines, 127 

Contour plan of part of Liver- 
pool, 128 

Copying drawings, 189; glass, 
190 

Corn measure, 14 

County maps of Ordnance Survey, 
215 

Court of law, measurements to be 
tested for, 26 

Cross-sections, 125 

Cross-staff, 53 

Jroston, levels for sewerage of, 
121, 126 

Cube, 5 

Cubical contents, 197; of pits, 


105 


D3 
5 


| 
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198; of material heaped on 
surface, 199; of railway cut- 
tings, 199; of stacks, 200; of 
timber, 203 

Curb-stones, symbol of, on plan, 
a1 

Curvature and refraction, table 
of allowances for, 111 

Jurvature, 108; in 
operation, 112 

Curves, setting out, 137—145 

Cutting, symbol of, 27 

Cylinder, 4; solidity of, 19 


ordinary 


ATUM, 117 
Datum line, 117 
Deals, width of, 15 
Decagon, to find area of, 17 
Diagonal, definition of, 2 
Diameter, definition of, 3 
Diaphragm of theodolite, 65 ; of 
level, 102 
Directrix, definition of, 5 
Discharge of water in pipes and 
open channels, 15 
Distances measured by wro, 
scale, correction for, 182 
Distant points determined 
theodolite, 94 
Ditch, symbol of, on plan, 27; eus- 
tomary allowance for, 40 
Dividing land, 156—174 
Drawing instruments, 175; paper, 
180 
Drawing to scale, 180 
Dry or corn measure, 14 
Dumpy level, 100, 101; im. 
proved, 103; tribrach system 
of, 103; adjustment of, 104 
Duodecagon, to find area of, 17 


Moe 


by 


TDOGRAPH, 188 
Ellipse, definition of, 6; 
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area of, 19; to construct, 10; 
length of circumference of, 19 
Embankment, symbol of, on plan, 

27 
Engineering plans, scale for, 182 
Enlarging plans, 185 
Equator, 98 
Equilateral 
of, 2 
Euclid, theorems in, 5, 6; I. 7, 
35; problems in, 7 
Examination papers, 217 
Examples and calculations, 204 
Excavation, measurement of, 198 


triangle, definition 


PENCE, symbol of, on plan, 27 

- Field book described, 28 ; 
of two kinds, 28 ; directions for 
entering measurements in, 28 

Fields having more than four 
sides, survey of, 44 

Filling-in lines, 37, 83 

Plags, 25 

Flooring, square of, 15 

Flow of water in pipes and open 
channels, 15 

Flying levels, 112 

Focus of ellipse, definition of, 5 

Follower, duties of, 29 

Footpath, symbol of, on plan, 27 

Foresights, 115 

Four-sided fields, survey of, 42 

French curves, 176 

French measures, values of, 15 


G ATE, symbol of, on plan, 27 
General map of Ordnance 
Survey, 214 
Geological Survey, 216 
Geometry, 1—12 
Give-and-take lines, 193 


Gradient, 184 

Grange estate, survey of, 51 

Gravatt’s level, 100 

Gravity, specific, 20; estimate of 
weight from, 20 i 

Ground, inspection of, before 
survey, 39 

Gunter’s chain, description of, 
23; method of reading, 23 
compared with 100-feet chain, 
24 


BH AY and straw measure, 14 
Hectare, area of, 15 
Heights and distances inacces- 

sible, determination of, 74 
Heliography, 190 
Heptagon, definition of, 3; to 
find area of, 17 
Hexagon, definition of, 3; to 
construct, 11, to find area of, 
YW 
Highway, symbol of, on plan, 27 
Hydraulic memoranda, 15 
Hypsometer, 100, 131 


[YPROVED dumpy level, 103 ; 
* tribrach system of, 103; ad- 


justment of, 104;  subtense 
webs in, 102 , 
Tnaceessible heights and dis- 


tances, 7+ 

Inclination of gradient, 185 

Ink for plans, 179 

Inspection of ground before sur- 
vey, 39 ; 

Institution of Surveyors, exami- 
nation papers of, 219 

Instruments for angular measure « 
ment, 58; drawing, 175 
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Trish acre, 14 
Irregular solid, solidity of, 20 
Tsosceles triangle, definition of, 2 


‘KILOMETRE, length of, 15 


T,ANCASHIRE acre, 14; 
allowance for ditch in, 40 

Latitude and longitude, 97 

Laying out and dividing land 
153; in form of rectangle, 153: 
in form of triangle, 154; in 
form of trapezium, = Hin: 
form of rhomboid, 155; various 
other cases, 156—17+4 

Leader, duties of, 29 

Lefroy’s rule of altitude, 151 

Legendre’s theorem, 73 

Lengths, areas, and solid con- 
tents, 16—20 

Length of side of polygon, to 
find, 17; of circumference of 
circle, 18; of any 18; of 
cireumference of ellipse, 19 

Level, true, 99; apparent, 99; 
book, 116, 118, 121, 126, 1 
on Ordnance Map, 216; 
ducing, 123; foresights and 
backsights in, 115 

Levelling, 99; instruments, 99; 
principle of, 99; with plumb- 
rule, 99, 100; recording re- 
sults of, 112; precautions in, 
113; along a section line, 119 

Line, definition of, 1; of collima- 
tion, 66; of collimation, adjust- 
ment of, 66, 105 

Linear measure, table of, 13 

Lines, parallel, definition of, 1 

Liverpool, contour plan of part 
of, 128 

Local‘measures, 13, 14 


i 
re- 
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Lodsworth, parish of, triangula- 
tion for, 39 

Logarithms and trigonometry, 
70 

Logarithms, 70; multiplication 
by, 71; division by, 71; in- 
yolution by, 71, evolution by, 
72 


Longitude, 97 


MAGN ELIC needle, survey 
“with, 96; plotting survey 
made with, 183 

Maps of Ordnance Survey, 214 

Material on surface, content of, 
199 

Mat. rials, weights of, 203 

Measure, linear, 13; superficial, 
14; solid, 14; hay and straw, 
14; dry or corn, 14; timber, 
15 

Measurements may be either 
linear or angular, 22 ; must be 
checked, 22 - 

Measurement of line, impeded jy, 
object not obstructing the sight 
33; impeded by object ‘Obs 
structing the sight, 34; of 
width of river too wide to be 
measured across by chain, 34 

Measures, uniformity in, required 
by law, 13 

Mechanics’ level, 100; levelling 
with, 105 

Mensuration, 13—20; examina- 
tion papers in, 223, 225 

Mercurial barometer, 130 

Meridian, 97 

Métre, length of, 15 


NONS4G0N, to find area of, 17 


OBLIQUE ANGLED triangle, 
solution of, 77 

Obtuse angle, definition of, 2 

Obtuse-angled triangle, definition 
of, 2 

Octagon, definition of, 3; to con- 
struct, 12; to find area of, 
17 

Offset staff, 25 ; may be replaced 
by ordinary ranging-rod, 26 

Offscts, 37; area from equidis- 
tant, 19; how entered in field 
book, 28; for town survey- 
ing, 29; limit of, for ordnance 
survey, 37; for setting-out 
curves, table of, 144 

Optical square, 54 

Ordinates, offsets from equidis- 
tant, 19 

Ordnance Survey, limit of offsets 
on, 37; method of determining 


INDEX. 


| 


latitude, 98 ; bench marks, 113, | 


117; publications of, 213; base 
line of, 213 ; maps of, 214 


‘PARALLAX, 65; adjustment 
for, 65, 104 

Parallelogram, definition of, 2; 
to find area of, 16 

Parish map of Ordnance Survey, 
216 

Parliamentary plans, Gunter's 
chain preferable for, 24; of 
railways, 137 

Togs at stations, 40 

Pencils, 180 

Pentagon, definition of, 3; to 
construct, 11; to find area of, 
172 

Pentagraph, 186 

Perpendicular, to erect, 7, 8; with 
the chain, 32; etting out with 
cyoss-staff, 54: with optical 
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square, 54; with box sextant, 
59 

H Photography, 190 

| Pipes, discharge from, 16 ; velo- 
city in, 15; pressure in, 15 

Plan, definition of, 21; of tri- 
angular fields, 41; of four-sided 
fields, 42; of fields having more 
than four sides, 44; of Grange 
estate, 52; of part of Liverpool, 
128; of railways, 137; plot- 
ting, 175, 182, 183; inking in, 
183; a horizontal representa- 
tion, 31; enlarging and reduc- 
ing, 185; colouring, 183 ; 
printing on, 183; copying, 189 

Plane table, 69 

Planks, width of, 15 

Plantation, symbol of, on plan, 
27 

Plates: plan of Grange estate, 
facing p. 52; copy of field book 
relating to ditto, facing p. 525 
contour plan of part of Liver- 
pool, facing p. 128 

Plotting plans and sections, 175, 
182, 183 

Plamb rule, 99, 100 

Point, definition of, 1 

Pole star, 98 

Poles, 25 

Polygon, definition of, 3; regu- 
lar, definition of, 3; irregular, 
3; regular, to find area of, 17; 
circumscribing circle of, 17 ; 
inscribed circle in, 17; to find 
length of side of, 17 5 irregular, 
to find area of, 18 

Polygons, regular, table of, 17 

Pressure in pipes, 15 

Pricking off plans, 190 

Pripting on plans, 183 

Prism, definition of, 4; solidity 
of, 19 

Prismatic compass, 54 
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Prigmoid, definition of, 4; solidity 
of, 19 

Private road, symbol of, on plan, 
27 

Problems, 7—12 

Prolonging a base, 95 

Proportional compasses, 186 

Protractor, 177 

Pyramid, definition of, 4 


Que definition of, 3 
Quadrilateral figure, defini- 
tion of, 2 

Quicks of fence, 40 


Raps, definition of, 3 
Rail fence, symbol of, on 

plan, 27 

Railway, symbol of, on plan, 27 

Railway cross-sections, setting- 
out, 125; surveying, 132; plans 
and sections, 137; setting out 
surface widths of, 146—151; 
quantity of land required for, 
151; level book for, 152; 
curves, 175; cuttings, content 
of, 199 

Rainfall, inch of, estimate in gal- 
lons per acre, 15 

Rectangle, definition of, 2; to 
find area of, 16; to construct, 
9; to lay out land in form of, 
153 

Rectangular bodies, solidity of, 19 

Reducing plans, 185 

Refraction, 108 ; 
operations, 112 

Refraction and curvature, table 
of allowances for, 111 

Repeating angles with the theo- 
dolite, 85 


in ordinary 


INDEX. 


Rhomboid, definition of, 2; to 
lay out land in the form of, 155 

Rhombus, definition of, 2 

Right angle, definition of, 1 

Right-angled triangle, definition 
of, 2; solution of, 76 

River, symbol of, on plan, 27 

Roads and rivers, survey of, 89 

Royal Observatory, 98 

Royal Agricultural Society of 
England, examination paper 
of, 225 


SCALE, drawing to, 180 
Seales, 181 

Sea level, 117 

Section, 117; undulations of the 
ground, shown by, 31 ; of rail- 
way, 137, plotting, 175, 183 

Sector of circle, definition of, 3; 
to find area of, 18 

Segment, definition of, 3; of 
circle, to find area of, 18 ; from 
equidistant ordinates, 19 

Semicircle, definition of, 3 

Setting-out, 35; curves, 137—]4,,. 
surface widths of railways, 116, 
151 

Simpson’s rule, 19 

Sines and cosines, 72 

Sketching in field book, 28 

Slope of ground, represents hypo- 
tenuse of right-angled triangle, 
31; measured by clinometer, 
31; by stepping, 31; by 
approximate allowance, 31; 
table of reduction for, 32 

Sloping ground, measurement of, 
31 

Solid contents, measurement of, 
19, 20 

Solid, definition of, 4 

Solid measure, table of, 14 

Solidity of rectangular bodies, 


INDEX. 


19; of cylinders and prisms, | 


19; of prismoids, 19; of 
irregular solids, 20 ; of sphere, 
20 

Solution of triangles, 75; am- 
biguous case in, 78 

Sopwith staff, 107 

Southing of sun, 98 

Specific gravity, 20; estimating 
weight from, 20 

Sphere, definition of, 4; solidity 
of, 20 

Spherical excess, 72 

Square, definition of, 2; to con- 
struct, 8; to make equal toa 
given rectingle, 9 ; of flooring, 
15; to find area of, 16 

Squares for enlarging and re- 
ducing, 188 , 

Square links reduced to acres, 
191 

Stacks, contents of, 201 

Staff-holder, 113 

Standard measurement, chains 
and tapes to be compared with, 
26 

Stations, positions for, 40 

Straight line, to divide, 7; to draw 
parallel to a given straight 
line, 7 

Subtense webs in level, 102 

Sun printing, 190 

Superficial measnre, 14 

Superlicies, definition of, 4 

Surface, definition of, 1; width 
of railways, setting-out, 146— 
151 

Surveying, general principles of, 
21; operations in, 21; defini- 
tion of, 21; with chain, 23—52; 
by theodolite, 82 

Survey lines, 36 ; to be sketched 
on Ordnance map, or rough 
sketch made, 39; ranged by 
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field glass, 39; to be numbered, 
40 

Surveys, simple, 41 ; of triangular 
field, 41; of four-sided field, 
42; of fields having more than 
four sides, 44; of woods, lakes, 
and swamps, 49; of woods, 
lakes, and swamps by theodo- 
lite, 86 ; of small estate, 48; of 
Grange estate, 51; of town, 
90; with magnetic needle, 96; 
of railways, 132; of railways 
where obstructions occur, 133 ; 
for Parliament, 137 

Surveyor’s level, 100 

Symbols used in surveying, 27 


ABLES, of linear measure, 
13; of hay and straw mea- 

sure, 14; dry or corn measure, 
14; superficial measure, 14; 
timber and wood measure, 15; 
of regular polygons, 17; of 
solid measure, 14; of reduction 
for inclination of slope, 32; of 
allowances for curvature and 
refraction, 111; of offsets for 
setting out curves, 144; of 
weights of materials, 203 

‘Tape, of steel, 25; of linen, 26 

Telescope of theodolite, 64 

Theodolite, 60; adjustment of, 
65; surveying with, 82; survey, 
proof of accuracy of, 87 ; survey 
of roads and rivers, 89; a level- 
ling instrument, 99; levelling 
by, 129 

Theorems, 5—6 

Tie lines, 37, 42 

Timber, measurement of, 15, 203 

Town, surveying, 90; maps of 
Ordnance Survey of, 216 
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‘Tracing, 189; cloths and papers, 
180 

‘Transfer paper, 190 

Trapezium, definition of, 2; to 
find area of, 16; to lay out land 
in form of, 154 

Trapezoid, definition of, 3; to 
construct, 9 ; to find area of, 17 

Traverse surveys, 51, 82 

Traversing, 82 

Triangle, definition of, 2; right- 
angled, 2; obtuse-angled, 2; 
acute-angled, 2; equilateral, 2; 
isosceles, 2; to construct, 8; 
to make equal to a trapezium, 
9; sides of, are proportional to 
sines of opposite angles, 75; 
solution of, 75; to lay out land 
in form of, 154; to divide land 
from, 156; to make equal to a 
given figure, 9; to find area of, 
16 

Triangles in survey, to be well 
conditioned, 36, 82 

‘Triangular fields, survey of, 41 

Triangulation, theory of, 35; 
practical application of, 36 

Trigonometrical ratios, 73; al- 
gebraical signsof, 74 formule, 
74 

Trigonometry, 72 


NDECAGON, to find area of, 
17 


i 
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Unit of measurement to be 
standard yard, 13 


“VARIATION of the compass, 
53 

Velocity in pipes and open chan- 
nels, 15 

Verifying 2 base, 95 

Vernier plate of theodolite, 62; 
scale, 6S 

Versed sine of are, 18 


WALL, symbol of, on plan, 
27 
Water, cubic foot of, estimate in 
gallons, 15; gallon of, estimate 
in grains troy, 15 
Water level, 99, 100 
Weight, estimation of, 
specific gravity, 20 
Weights of materials, 203 
Wee and measures, report on, 
Wood or timber measures, 15 
Woolbeding, parish of, trian 
lation for, 38 


from 


gue 


ARD, standard, the unit of 
measurement, 13 


THE END. 
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I. Dyestuffs and Coal-Tar Products : - « Os 
Ii. The Rare Earth Industry . d q : : : . Os 
IV. Chlorine and Chlorine Products . . + +. + + «+ 9 
V. Sulphuric Acid and Sulphur Products eee Win ee 308 
VI. The Salt and Alkali adustey : : é é a . Os 
VII. Industrial Gases .  . oe aes 93 
VOI. The Minor Elements . . . . . .- In Preparation 
IX. Oils, Fats and Waxes . - « « 128 6a 
X. Perfumes, Essential Oils and Fruit Essences + «+ « 12s 6d 
Chemistry—Industrial and Manufacturing SHeMUSY: 3 Part L— 
Organic. Martin. Royal 8vo. . + oe 6 4 81 168° 
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Chemistry—Industria! and Manufacturing Chemistry: Part I.— 


Inorganic. Martin. Royal 8vo. In 2 Volumes. Per vol. . 288 
Civil Engineering Geology. Fox. Royal 8vo . y 
Civil Engineering Types and Devices. Barber. Demy 8Y° - + 98 
Clerk of Works. Metson. Crown 8vo . . . + + 8s 6d 
Clock Repairing and Making. Garrard. Crown 8vo . -  . 68 
Coal and Iron Industries of the United Kingdom. Meade. 8vo £1 8s 
Coal Mining. Glover. Crown 8yo. . ae ee | 
Coal Mining, Practical. Cockin. Crown 8vo - . 68 
Coal Mining Notes and Formule for Students. Merivale, Small 

Crown 8vo_ . 5 ° . ‘ 3 A * . . - 8s 6d 
Cocoanut Cultivation. Coghlan and Hinchley. Sm. Crown 8vo . 4g 
Coffee : Cultivation and Preparation. Ugarte e « In Preparation 
Coking Practice. Byrom and Christopher— 

Volume I. Raw Materials and Coke. Demy 8vo a - 10s 6a 

Volume II. By-Products. Demy 8vo_ . ‘ - 10s 6a 
Colliery Working and Management. Bulman. and Redmayne. 

Medium 8vo. . . . . 8 New Ed. Preparing 
Colorimetric Analysis. Snell. Demy 8vo |. -  . 10s 6d 
Commerce, Lessons in. Gambaro. Crown 8vo . . be ts . 53 
Commercial Correspondent, Foreign. Baker. Crown 8vo . & Ys 6d 
Compressed Air Work and Diving. Boycott. Medium 8vo . 10s 6d 
Concrete : its Nature and Uses. Sutcliffe. Crown 8vo . . 10s 6a 
Concrete for House, Farm, and Estate. Ballard. DEES 8vo . 8s 6a 
Confectioner, Modern Flour. Wells. Crown 8vo ri FH . 9g 
Confectionery, Ornamental. Wells. Crown 8vo . ‘ é 5 %s 6d 
Continuous Railway Brakes. Reynolds. 8vo . . + - « 9g 
Controllers for Electric Motors. James. Demy 8vo . . . . Qls 
Cotton Industry. Crabtree. Crown 8vo . , z 7 , P . 6s 
Creation, The Twin Records of Le Vaux. 8vo. s ‘ Fi . 5s 
Curves, Tables of Tangential Angles and Multiples. Beazeley . . 5s 
Dairying (British and Colonial). Sutherland Thomson. Demy 8vo 9s 
Dairying Industry. Sutherland Thomson. Demy 8vo a - 10s 6a 
Damp Walls. Blake. Crown8yo . . ; . Nearly Ready 
Dangerous Goods. Phillips. Crown 8vo . . = « « 10s 6d 
Decorator’s Assistant. Small Crown 8vo_ . -  . 2s 6d 
Deep-Level Mines of the Rand. Denny. Royal Bvo. . 88s 
Dentistry (Mechanical). Hunter. Crown 8vo . . 6s 
Diesel Engine, Wells & Wallis-Tayler. Demy 8vo_ . ‘ Nearly Ready 
Dredges and Dredging. Prelini. Royal 8vo z »  » 24s 
Drilling for Gold and Other Minerals. Denny. Medium 8vo . 12s 6d 
Dynamo (How to Make). Crofts. Crown 8vo . - 2s 6d 
Dynamos (Alternating and Direct Current). Sewell. Lege. Cr. 8vo 7s 6a 
Dynamos (Management of). Lummis-Paterson. Crown 8vo . . 6s 
Earthenware, The Manufacture of Sandeman. Crown 8vo . . 12s 
Earthwork Diagrams. Erskine-Murray and Kirton. 5s; mounted, 7s 6d 
_ Earthwork Manual. Graham. 18mo . - 8s 6d 
Earthwork Tables. Broadbent and Campin. ” Crown Bvo . - + « 6 
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Earthwork Tables. Buck. Onasheet. . . . . ~ 8s 64 
Electric Light. Urquhart. Crown 8vo. . . . . Us 6d 
Electric Light Fitting. Urquhart. Crown 8yo . . 1 Nearly Ready 
Electric Light for Country Houses. Knight. Crown 8vo. . Is 6d 
Electric Lighting and Starting for Motor Cars. Cross. Demy 8vo 28s 


Electric Lighting and Heating. Walker. Fceap. 8vo . F a: 108) 
Electric Motors. Crocker and Arendt. Medium 8vo. . . . 2is 
Electric Power Conductors. Perrine. Medium 8vo. . . «+ « 2ls 


Electric Power Stations. [Klingenberg. Crown 4to . +  - ~ 288 
Electric Power Station: A 130,000-Kilowatt Power Station. Klingen- 


berg. Crown 4to. . © a svens 
Electric Ship-Lighting. Urquhart. ‘Crown 8v0 % A . 8s 6d 
Electric Spark Ignition in Internal Combustion Engines. Morgan. 
Medium 8vo. . 6s 
Electric Traction and Transmission Engineering. “Sheldon! and 
Hausmann. Large Crown 8vo. is + 21s 


Electric Wiring Diagrams and Switchboards. Harrison. * Crown 8vo . 158 
Electrical Calculations (Elementary). Sloane. Crown 8vo . «+ dbs 


Electrical Circuits and Connections. Bowker. Medium 8vo. » + lbs 
Electrical Dictionary. Sloane. Large Crown 8vo dq Gd . . 21s 
Electrical Engineering (Elementary). Alexander. Crown 8vo. . 5g 
Electrical Engineering. Sewell. Large Crown 8vo . A A 7s 6d 
Electrical Horology. Langman and Ball. Crown 8vo oo %s 6d 
Electrical Installation Work. Havelock. Demy 8vo. + + + 158 
Electrical Transmission of Energy. Abbott. Royal 8vo. + - 80s 


Electrical Transmission of BELL sped) eae, 
Brew, Demy 8vo O 9s 
Electrical and Magnetic Calculations. Atkinson. “Crown 8vo. . 128 


Electricity as Applied to Mining. Lupton. Medium 8vo. . 12s 6d 
Electricity in Factoriesand Workshops. Haslam. LargeCr.$vo. 8s 6d 
Electro-Plating. Urquhart. Crown 8vo. . A 5 < ‘ "%s 6d 
Electro-Plating. Watt. Crown 8vo A ee O88 
Electro-Plating and Electro-Refining of Metals. “watt and Philip. 
Large Crown 8vo.  . ie ee ee ee ae 
Electro-Typing. Urquhart. Crown ‘Bvo. « « 5 . 5s 


Embroiderer’s Book of Design. Delamotte. “Oblong 8vo . a . 83s 
Engineering Chemistry. Phillips. Crown 8vo . New Ed. Preparing 
Engineering Drawing. Maxton and Malden. Crown 8vo - 8s 6d 
Engineering Estimates, Costs, & Accounts. A General Manager. 8vo 9g 
Engineering Progress (1868-6). Humber. Imperial 4to, half 


morocco . Price £12 12s; each volume, £8 8s 
Engineering Workshop Handbook. Pull. Royal 16mo . 8s Gd 
Engineer’s Handbook (Practical). Hutton. Medium 8vo . F . 21s 
Engineer’s Measuring Tools. Pull. Crown 8vo. . . + 48 6a 


Engineer’s, Mechanic’s, Architect’s, Builder’s, &c., Tables and 
Memoranda. Smith. Waistcoat-pocket size New Ed. Preparing 

Engineer’s and Millwright’s Assistant. Templeton. 18mo » . 8s 

Engineer’s Year-Book. Kempe. Crown 8yvo so OH Annually 80s 
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Engineering Standards Association’s Reports and Specifications, 
Separate List on Application 


Entropy as a Tangible Conception. Wheeler. Demy 8vo 4 8s 6d 
Excavation (Earth and Rock). Prelini. Royal 8vo . a a . 21g 
Explosives—High Explosives. Colver. Royal 8vo P z 3 £3 89 
Explosives—Nitro-Explosives. Sanford. Demy 8vo . . .  . 12s 
Factory Accounts. Garcké and Fells. Demy 8vo . . . . lbs 
Farm Account Book. Woodman. Folio . . . . «. 10s 6d 
Farm Gas Engines. Brate. Crown 8vo. . .  . 6s 6d 
Farmers’ Tables and Memoranda.  [rancis. ” Waistcoat- -pocket 
size . 2s 6d 
Farmers’ Labour and ‘Account Book. Dalley, Feap. “Folio » Sw (Ge 
Farming, Practical. Shepherd. Demy 8vo . . 53 
Fertilisers and Feeding Stuffs. Dyer. . | New Ed. Pre, paring 
Fertilizing Materials, Mining and Manufacture, Lloyd. Crown 8yvo 12g 
Fire Protection in Buildings. Holt. Demy 8yo . ri ‘ . 9s 
Forcing Garden. Wood. Crown 8yo . . ¢ e ' ‘ . 43 
Foreshores. Latham. Crown 8vo . < F . . ‘i . 2s 6d 
Forestry, Practical. Curtis. Crown 8vo 3 ° : , ; . 6s 
Forestry : Complete Yield Tables for. Maw. Oblong . %s 6d 
French Conversation, Guide to. De Fivas. 32mo . ‘ 2s 6d 
French Grammar: De Fivas’ New Grammar of Heenoh 
Grammars. eo SAE eR et ae cw : 2s 6d 
Key to the Above ees 6 a | oe eee Oe Od 
French for Beginners. De Fivas. Sm. Crown 8vo . . . Is 6a 
French Language : Introduction, De Fivas, Crown 8vo. . 2s 6a 
Fretcutting, The Art of Modern. Makinson. Crown 8vo. . 2s 6d 
Founders’ Manual. Payne. Crown 8vo. . , + + 24s 
Fruit Growing. Douglass. Large Crown 8vo 4 5 .%s 6s 
Gas Engine, A Handbook on the. Haeder and Huskisson. 4qto . 80s 
Gas Engine Handbook. Roberts. Crown 8vo . . x . 128 6d 
Gas Engineers’ Pocket-Book. O’Connor. Crown 8vo. . . 12s 6d 
Gas Manufacture, Chemistry of. Royle. Demy 8vo . i‘ i" . 16s 
Gas and Oil Engine Management. Bale. Crown 8vo :  . 8s 6d 
Gasfitting and Appliances. Briggs and Henwood. Crown 8vo . 63 
Geometry of Compasses. Byrne. Crown 8yo . . . . 38s 6d 
Geometry for Technical Students. Sprague. Crown 8vo. . . 2g 
Gold Extraction, Cyanide Process of. Eissler. 8vo . . . 8s 6d 
Gold, Metallurgy of. Eissler. Medium 8vo . A sy ‘ . 2538 
Gold Mining Machinery. Tinney. Medium 8vo. . % . 12s 6d 
Gold Working : Jeweller’s Assistant. Gee. Crown 8vo . . 8s 6d 
Goldsmith’s Handbook. Gee. Crown 8vo . + + « 68 
Granites and our Granite Industries. Harris. Crown “avo. 33 
Grazing. The Complete Grazier, and Farmer’s and Cattle Breeder’ 3 
Assistant. Youatt, Fream and Bear. Royal 8vo_. - 363 
Hand Sketching for Mining Students. Lodge and Harwood. 
Oblong Demy 4to ew & : 5 ‘ q - 10s 6d 
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Metal Turner’s Handybook 5 : A, - - Is 6a 
Wood Turner’s Handybook. . Terese mn op. BCH 
Watch Jobber’s Handybook + « eR SS Wy ee shed) 
Pattern Maker’s Handybook . . . . . . -; -is 6d 
Mechanic’s Workshop Handybook . wo he oe syed) 
Model Engineer’s Handybook . . . . . - + Is 6d 
Clock Jobber’s Handybook. . . . . . + + Is 6d 
Cabinet Worker’s Handybook . - - - - - =: Is 6d 
Woodworker’s Handybook. . . - - + - + Is 6d 
Heat, Expansion of Structures by. Keily. Crown 8vo . ~. . 48 
History: Medieval Heresy and the Inquisition. Turberville. 
Demy 8yo_ . - 10s 6d 
History: The Influence of the French Revolution in English 
History. Brown. Demy Svo . - 8s 6d 
History : The Wars of the Roses, 1877— 1471. “Mowat. “Demy 8vo 7a 6d 
Hoisting Machinery. Horner. Crown 8vo . . 8s 6d 
Horticultural Note-Book. Newsham. Fcap. 8vo . .- . %s 6d 
Hot Water and Steam Heating and Ventilation. King. Med. 8vo . 2is 
House Owner’s Estimator. Simon. Crown 8vyo . .- - 43 
House Painting. Davidson. Crown 8vo_ . - . %s 6d 
House Planning—How to Plan a House. Samson. Crown 8vo ; ss 
5 Ey 


House Property. Tarbuck. 12mo . 
Houses, Villas, Cottages, and Bungalows for Britishers and A Americans 
Abroad. Samson. Demy 8yvo 7s 6d 


Hydraulic Power Engineering. Croydon Marks. ‘avo 12s 6d 
Dluminating and Missal Painting. Whithard. Crown 8vo 6s 
Illumination, Art of. Delamotte. Small 4to . S 7s 6d 
Inflammable Gas and Vapour in the Air. Clowes. Crown vo. 68 
Interest Calculator. Campbell. Crown 8vo . e . 3s 
Internal Combustion Engines. Carpenter. Medium 8vo . . 883 
Internal Combustion Engines. Institute of Marine Engineers. 
Demy 8vo. . 12s 6d 
Inwood’s Tables for Purchasing Estates. i Sctipoling, Demy 8vo . 9s 
Iron and Metal Trades Companion. Downie . 9s 
Iron Ores of Great Britain and Ireland. Kendall. Crown 8vo . 183 
Yron-Plate Weight Tables. Burlinson and Simpson. 4to. - aaa 


Irrigation (Pioneer). Mawson. Demy 8vo . 
Jigs, Tools and Fixtures (Drawing and Design). Gates. * Crow: n8vo. 8s 6d 


Journalism. Mackie. Crown 8vo . 2s 6d 
Labour Disputes, Conciliation and ‘Arbitration in. Jeans. 

Crown 8yo_ .- + 2s 6d 
Land Ready Reckoner. Arman. Crown Syo. 3: BERG ft me BGR 
Land Valuer’s Assistant. Hudson. Royal 32mo 5 a he Ge, 
Lathe Design, Construction, and Operation. Peneo: Med. 8vo . 183 
Lathe Work. Hasluck. Crown 8yo_ . 63 


Law : Every Man’s Own Lawyer. A. Barrister. "Large Crown 8v0 15a 
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Lead, Metallurgy of. Eissler. Crown 8vo . 4 . a . lis 
Leather Chemistry. Harvey. Demy 8vo . . ‘ J ‘4 . 15s 
Leather Manufacture. Watt. 8vo. . . . . ‘ . . lbs 
Letter Painting. Badenock and Prior. Crown 8vo . ; x . 2s 
Levelling, Principles and Practice of. Simms. 8vo . i , . Os 
Lightning Conductors, Modern. Hedges. Medium 8yo . > . 83 
Limes and Cements. Dancaster. Large Crown 8vo . 7s 68 
Liquid Fuels for Internal Combustion Engines. Moore. Demy "B8y0 lbs 
Lockwood’s Builder’s Price Book. Crown 8vo . : Annuaty 7s 6a 
Locomotive Engine. Weatherburn. Crown 8vo . ‘ : 8s 6a 
Locomotive Engine Development. Stretton. Crown 8vo . e . 65s 
Machine Shop Tools. Van Dervoort. Medium 8vo . ‘ ¥ . 28s 
Magnetos for Automobilists. Bottone. Crown 8vo . , 3 23 6d 
Marble and Marble Working. Renwick. Medium 8vo . . 16s 
Marble Decoration. Blagrove. Crown 8vo . : 2 ‘Bs 6a 
Marine Engineer’s Guide. Wannan and Lindsay. Lge. Crown 8vo. 
In 2 vols. 

Arithmetic. e % New Ed. Preparing 

Elementarys, Verbals, and Drawings. $ r New Ed. Preparing 
Marine Engineer’s Pocket-Book. Wannan. 18mo . . . 4s 6a 
Marine Engines and Boilers. Bauer. Medium 8vo . . . . 258 
Marine Gas Engines. Clark. Crown 8vo_ . . _ . - 10s 6a 
Marine Steam Turbines. Bauer. Medium 8vo . ap Lace . 128 6a 
Marine Works. Latham. Demy 8yo_ . 3 ee ee ; . 16s 
Masonry. Purchase. Royal 8vo_ . ‘i 5 * 5 . 98 
Masonry Dams from Inception to Completion. Courtney. 8vo 10s 6g 
Measures (British and American). Foley. Folio 7 8s 6a 
Mechanical Engineering Terms (beckwcony Dictionary of). 

Horner. Crown 8yo . . - 98 


Mechanical Engineer’s Pocket-Book. “Clark and Powles. Small 8v0 7s 6d 
Mechanical Handling and Storing of Material. Zimmer. noe 8vo 68s 


Mechanics Condensed. Hughes. Crown 8vo. . é 2s 6a 
Mechanics of Air Machinery. Weisbach. Royal Bvo. .  . . 25s 
Mechanics’ Workshop Companion. Templeton & Hutton. Fcp. 8vo %s 6d 
Mensuration and Gauging. Mant. 18mo . . . . 48 
Mercantile Calculation Tables. Kirchner. Demy 4to. . Nearly Ready 
Metal Plate Work (Principles and Processes). Barrett. Crown 8vo 8s 6d 
Metal-Turning. Horner. Large Crown 8vo - 12s 6a 
Metals and their Alloys, Brannt and Vickers. Royal 8vo. Ni carly Ready 
Metrology, Modern. Jackson. Large Crown 8vo e é . 12s 6d 
Military Observation Balloons. Widmer. Crown 8vo as doe ame LOR 
Milk and Cream Testing. Thomson and Lowe . New Ed. Preparing 
Milling Machines. Horner. Medium 8vo . . -  « lbs 
Mine Drainage. Michell. Royal 8vo . . .- »  . 258 
Mine Rescue Work and Organization. Bulman and Mills. 
Demy 8vo_ . £ % § § c . 12s 
Mine Wagon and its Lubrication. Pamely. Medium 8vo. x 7s 6d 


Mineral Property, The Valuation of. O’Donahue. Demy 8vo 8s 6a 
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Minerals and Mining (Earthy). Davies. Crown 8vo . 5 . 128 6a 
Minerals and Mining (Metalliferous). Davies. Large Crown 8vo 12s 6d 
Miners and Metallurgists, Pocket-Book for. Power. Fcap. 8vo. 7s 6a 


Miner’s Handbook. Milne. Fcap. 8vo . 2 eh oe : . Us 6d 
Mining, British. Hunt. Super Royal 8vo . - + + + + 4s 
Mining Calculations. O’Donahue. Crown 8vo . . + + 8s 6d 
Mining Examination Questions (1,200), Kerr. Demy 8vo . 2s 6d 
Mining, Physics and Chemistry of. Byrom. Crown 8vo . A 6s 
Mining : Machinery for Metalliferous Mines. Davies. Medium 8vo 25s 
Motor Car Catechism. Knight. Crown 8vo. . » + 8s 6d 
Motor Car Construction. Brewer, Demy 8vo . . + + + 9S 
Motor Cycle Overhauling. Shepherd. Crown 8vo . ~. + 28 6d 
Motor Lorry Design Construction. Schaefer. Medium 8vo . . 188 
Motor Vehicles. Fraser and Jones. Medium 8vo . + + + 16s 
Museum of Science and Art. Lardner . . + Pls 
Naval Architect’s and Shipbuilder’s Pocket-Book. * Mackrow and 
Woollard. Fcap. 8vo . . . 16s 


Oils and Allied Substances. Wright. Demy “Bvo | New Ea. Preparing 
Oil-Field Development and Petroleum Mining. Thompson do, 
Oil Palm Cultivation. Milligan. Small Crown 8vo . - + + 88 
Ore Deposits of South Africa. Johnson. 

Part I.—The Witwatersrand and Pilgrimsrest Goldnelas and 


Similar Occurrences. Demy 8vo. . .« . 58 
Packing-Case Tables. Richardson. Oblong 4to . » 58 
Painting for the Imitation of Woods and Marbles. Van der Burg. 

Royal Folio. . ke haath ceciy py 3s 
Paints : Their Chemistry and Technology. Toch, Royal 8vo . . 80s 
Paper and its Uses. Dawe. Crown 8vo a . é . . 8s 6d 
Paper-Making. Clapperton. Crown 8yvo . ee ee ENGd 
Paper-Making. Watt. Crown 8vo. . . . «. + + 8s 6d 
Paper-Making, Chapters on. Beadle. 5 vols. Crown 8vo. Per vol. 6s 
Pastrycook and Confectioner’s Guide. Wells. Crown 8vo.  . » 28 
Patent-Rights. Hardingham. Demy 8vo_ . ‘i New Ed. Preparing 
Pattern Making. Barrows. Crown 8vo. z a + . . » 14s 
Pattern Making. Horner. Large Crown 8vo r 4 2 4 . 9s 
Petrol Air Gas. O’Connor. Crown 8vo. we oe un, AMOR 
Petroleum and its Substitutes, Chemistry of, Tinkler and Chal- 

lenger. Medium 8vo . . » lds 
Petroleum, Oil Fields of Russia ‘and “the Russian Petroleum 

Industry. Beeby Thompson. Royal 8vo . . + + + Qls 
Pigments. An Artists’ Manual. Standage. Crown 8vo . . . 88 
Pigs and Bacon Curing. Davies. Crown 8yo_ . Fi ‘ . 4s 6a 


Plumbing. In two vols. Blake. Crown 8vo. . ly Ready 
Portland Cement Industry. Brown. Medium 8vo “New Ed. Preparing 
Portland Cement, The Modern Manufacture of. West. Royal 8vo. 


In 2 volumes. . i . New Ed. Preparing 
Pot Plant Culture. Davidson. Crown 8vo. ° w »  . Bs 
Poultry Farming : Commercial. Toovey. Crown “vo. oma . . 63 
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Producer Gas Practice (American) and Industrial Gas Bagineering: 


Latta. Demy 4to C - 80s 
Propagation and Pruning. Newsham. Demy 8v0 a Ps 3 - 63 
Prospecting. Merritt. Feap. 8vo . “ ‘ si 2 é . 63 
Prospecting for Gold. Rankin, Fcap. 8vo . . F . %s 6a 
Prospector’s Handbook. Anderson, Small Crown 8v0 z c . 53 
Pumps and Pumping. Bale. Crown 8yo_ , we - vo OB 
Punches, Dies, and Tools. Woodworth. Medium 8vo . .  . 289 


Radio and High-Frequency Currents. Larner. Crown 8vo 
Wee Ready 


Radiodynamics. Miessner. Crown 8vo. . . . »  . 12s 
Radiotelegraphy, Elements of, Stone. Crown 8vo . . . 16s 6d 
Rating and Assessment. Webb. Demy 8yvo i %. 5 * . lbs 
Receipts, Formulas, and Processes. Hiscox. Medium 8vo a . 21s 


Recoil of Guns. Rausenberger. Translated by Slater. Demy 8vo 12s 6a 
Refrigerating and Ice-Making Pocket-Book. Wallis-Tayler. Cr. 8vo 53 
Refrigeration, Cold Storage, and Ice-Making. Wallis-Tayler. Med. 8vo 15s 
Reinforced Concrete Design Simplified. Gammon & Dyson. Crown 4to 15s 


Road Construction and Maintenance. Goldsmith. Medium 8vo . 21g 
Roads : The Making of Highroads. Carey. Crown 8vo . . 8s 6d 
Roof Carpentry. Collings. Crown 8vo, .  . He i 8 . 2s 6d 
Rothamsted Experiments. Tipper. Crown 8vo . A . . 4s 
Rubber : its Cultivation and Preparation. Johnson. New Ed. Pre eparing 
Rubber Hand Stamps. Sloane. Square 8vo a % = F "%s 6d 
Rubber Planter’s Note-Book. Braham. Feap. 8vo . : . ba 
Safe Railway Working. Stretton. Crown 8vo . j ¥ 3 4s 6a 
Safe Use of Steam. By an Engineer . 4 ‘ ‘ ‘ ; 6a 
Sailmaking. Sadler. 4to . 4 . 12s 6a 
Sanitation, Water Supply, and Sewage Disposal of Country Houses, 
Gerhard. Crown 8vo . és + +. bs. 

Savouries and Sweets. Miss Allen. " Feap. ce re . ds 
Saw Mills. Bale. Crown 8vo. . «+. 108 6d 
Screw Cutting for Engineers, Pull. Crown Now ug ok oe 2s 6d 
Screw Threads. Hasluck. Waistcoat-pocket size . % , . Qs 
Sea Terms, Phrases, and Words. Pirrie. Fcap. 8vo . . 7s 6d 
Sewage, Purification of. Barwise. Demy 8vo . ‘ c . 12s 6d 
Sewerage Hydraulics. Coleman. Demy8vo. . a . 12s 6d 
Sewerage of Sea Coast Towns. Adams. Demy 8vo. . . 6s 
Sewerage Systems. Watson and Herbert. Royal 8vo . . 12s 6d 


Sheet Metal Worker’s Instructor. Warn and Horner. Crown 8vo 8s 6a 
Shipbuilding Industry of Germany. Felskowski. Super Royal 4to 10s 6d 


Silver. The Metallurgy of. Eissler. Crown 8vo. . + ~- 128 64 
Slide Rule. Hoare. Sm. Crown 8vo . . . +. + + =. 48 
Smoley’s Tables—1. Logarithms and Squares. r . 2 ; . 228 
2. Slopes and Rises. : . . + 248 
3. Logarithmic-Trigonometrio Tables 2 z . 63 

Soap: Modern Boap and Detergent Andnaieys Martin. Royal 8vo 
Vol.r . % % fe % . Nearly Ready 
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Soap-Making. Watt. Crown 8vo . = x _ - a S - Og 


Soap-Making Manual. Thomssen. 6” x 43”” . . 12s 6a 
Soaps, Candles, and Glycerine. Lamborn. Medium 8vo . 543 
Solubilities of Inorganic and Organic Substances. Seidell. Med. 8vo. 453 
Spanish Grammar and Reader. Korth. Feap. 8vo . . - 2s 6a 
Specifications in Detail. Macey and Allen. Royal 8vo . .  ~- 80s 
Specification, A Short. Cubitt. Oblong Demy 4to . - - =; 5s 
Specifications for Practical Architecture. Bartholomew. Revised 
by Rogers. 8vo . . + . . 16s 
Stanley, William Ford : His Life and Work. Inwards. “Demy Bvo 2s 6d 
Stationary Engines. Hurst. Crown 8vo Fi - 2s 
Steam: The Application of Highly Superheated Steam ‘to Loco- 
motives. Garbe. Edited by Robertson. Medium 8vo_ .- 9s 
Steam Engine. Haeder and Powles. Crown 8vo : ‘ . 10s 6d 
Steam Engine. Goodeve. Crown 8vo . . . + 3 6d 
Steam Engine (Portable). Wansbrough. Demy 8vo . rie 
Steam Engineering in Theory and Fraction: Hiscox and “Harrison. 
Medium 8vo . . a * 5 a . 21s 
Steel Research Committee’s Report. ” Feap. Folio” z a . 81s 6d 
Steel Thermal Treatment. Urquhart. Medium $vo, . . .  . 85s 
Steel: Elliott’s Weights of Steel. Medium 8vo . -  . £2108 
Stone Quarrying—Practical. Greenwell and Elsden. ‘Med. 8vo ._ 158 
Stone Working Machinery. Bale. Crown 8vo . - 10s 6d 
Strains, Handy Book for the Calculation of. Humber. “Crown 8vo 7s 6d 
Strains on Structures of Ironwork. Shields. Svo . + + |- 58 
Streamline Kite Balloons. Sumner. Medium 8vo . - - 10s 6d 
Structural Engineer’s Pocket Book. Andrews. Crown Svo.. — - 18s 
Submarine Torpedo Boat. Hoar. Crown 8vo . . + + + 283 
Superficial Measurement. Hawkings. Crown 8vo. . + + |: 43 
Survey Practice. Jackson. 8vo . . . . ~- + + 42s 6d 
Surveying. Whitelaw. Demy 8vo . 5 i . 12s 6d 
Surveying for Settlers. Crosley. Small Crown 8vo . %s 6d 
Surveying Sheets for Professional and Educational Use. Oblong 
Royal 8yo_ . é 1s 6a 
Surveying, Land and Marine. Haskoll. “Large Crown 8vo . - 9s 
Surveying, Land and Mining. Leston. Large Crown 8vo . - Os 
Surveying, Practical. Usill and Leston. Large Crown 8vo 4 8s 6d 
Surveying with the Tacheometer. Kennedy. Demy 8vo - . 12s 64 
Surveyor’s Field Book for Engineers and Mining Surveyors. 
Haskoll, Crown 8vo . . - 12s 6a 
Tanning Materials & Extract Manufacture. Harvey. “Demy 8vo .. 15s 
Tanning (Practical). Rogers and Flemming. Medium 8vo ° . 453 
Tannins (Synthetic). Grasser and Enna. Demy 8vo - + «+ Us 


Tea Machinery and Tea Factories. Wallis-Tayler. Medium 8vo . 283 
Technical Guide, Measurer, and Estimator. Beaton. Waistcoat- 


pocket size. ay . . . - 2s 
Technical Terms: ‘English-French, “French-English, Fletcher. 
Waistcoat-pocket size . . . - e . . - 2 
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Technical Terms: English-German, German-English: Horner 
and Holtzmann. Waistcoat-pocket size a q 8s 6a 
Technical Terms : English-Spanish, Spanish-English. Monteverde, 


Waistcoat-pocket size . “ 83 
Telephones: their Construction, Installation, Wiring, Operation, 

and Maintenance. Radcliffe and Cushing. Fecap. 8vo . 9s 
Telephones: Field Telephones and Malegtep ns for AREY Use. 

Stevens. Crown 8vo . ‘ 7 : 8s 
Timber Merchant. Richardson. Feap. 8v0 ee " ‘ . 4s 
Timber Merchant’s Companion. Dowsing. Crown 8v0 i . 8s 6a 
Tools for Engineers and Woodworkers. Horner. Demy 8vo . 10s 6d 
Toothed Gearing. Horner. Crown 8vo. . . New Ed, Preparing 
Traverse Tables. Lintern. Small Crown 8vo_ . .  . 88s 6a 
Tropical Agriculture. Johnson. Demy 8vo . Ps 3 * * . 5s 
Tunnelling. Prelini and Hill. Royal 8vo_ . 1 é . a - 185 
Tunnelling, Practical. Simms and Clark. Imp. 8vo . . é + 21g 
Tunnel Shafts. Buck. 8vo i a a Wg ih 48 + 128 6a 
Upholstering. Bitmead. Crown 8yo . 5 a ‘ ‘ . 28 6a 
Urban Traffic, Principles of. Stone, Crown 8vo. . . . 8s 6@ 
Valuation of Real Property. Webb and Hunnings. Demy 8vo 8s 6d 
Valuation of Real Property. Lamputt. Crown 8vo . . . 2s 6a 
Valuation, Tabular Aids to. M’Caw and Lyons. Crown 8vo . . 5s 
Vegetable Culture. Davidson, Crown 8vo . F ‘ . . 486d 
Veterinary Aid, Archer. Crown 8vo . . ee ow 6 ROA 
Wages Tables. Garbutt. Square Crown 8vo - i a f - 6s 
Watchmaker’s Handbook. Saunier. Crown 8yo. . . . 12s 6a 
Watch Repairing. Garrard. Crown 8vo . ‘ F A i . 6s 
Water Engineering. Slagg. Crown 8vo " 7 A ‘ . Us 6a 
Water, Flow of, Schmeer. Medium 8vo . . . . . . 188 
Water Supplies. Rideal. Demy 8vo .. ‘ j ‘ , . 8s 6d 
Water Supply of Cities and Towns. Humber. Imp. 4to . . £6 6s 


Water Supply (Rural). Greenwell and Curry. Crown 8vo ao mw. (6B 
Water Supply of Towns and the Wongienasion of Waterworks, 


Burton. Super Royal 8vo . . . . + 2838 
Weight Calculator. Harben. Royal 8v0 i / » « 253 
Wire Ropes for Hoisting. Crown 4to . i . « 20s 


Wireless Telegraphy. Erskine-Murray. Demy 8v0 New ra. Preparing 
Wireless Telegraphy (Framework of). Cadilhac. Demy 8vo . 4s 6d 


Wireless Telephones. Erskine-Murray. Crown 8vo 4s 6d 
Wireless Telephony. Ruhmer. Demy 8vo . , a . 10s 6d 
Wood, The Seasoning of. Wagner. Royal 8vo. . . «+ + Qis 
Wood-Carving for Amateurs. By a Lady. Crown 8vo . «. 28 64 


Woodworking Machinery. Bale. Large Crown 8vo .— - 10s 6a 
Woodworking Machinery for Small Workshops. Ball. Cr. 8vo 8s 6a 
Workshop Practice, Modern. Pull. Large Crown 8vo A s . 16s 
Works’ Manager’s Handbook. Hutton. Medium 8vo = «» w= 18s 
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PRACTICAL HANDBOOKS FOR HOME STUDY. 


* Issued by THE AMERICAN TECHNICAL SOCIETY. 
Agents: CROSBY LOCKWOOD & SON. 


NOTE.—The Prices herein quoted are based on American Prices 
and therefore subject to revision without notice. 


Air Brake. Ludy Pee ee mete Mao %s 6d 
Alternating-Current Machinery. Esty . sy St ee LO. 
Architectural Drawing and Tatterioge Boume . . =. - %s 6d 
Armature Winding. Moreton . ee BO ee Og: 
automobile conssacnan ue Repair. Hall. Ne er ae an 
utomobile Ignition, Starting and Lighting. Hay ward to Selte 
Bank Bookkeeping. Sweetland  . ced ‘ zu eS 7s 6d 
Blueprint Reading. Fairfield and Kenison | : : LOS, 
Bridge Engineering—Roof Trusses. Dufour 9 ‘ ge a 
Building and Flying an Aeroplane. Ly Seal Mr ee 08 
Building Code. Fitzpatrick. 5 MES ae "7s 6d 
Building Superintendence. Nichols . 10s 
Building Superintendence for Reinforced Concrete Structures. “Post 7s 6d 
Building Superintendence for Steel Structures. Belden . - 7s 6d 
Business English and Correspondence. Barrett. . . - ‘Us 6d 
Carpentry. Townsend 7 ‘ se %s 6d 
Civil Engineering Specitications and Contracts, ‘Ashbridge . + 108 
Commercial Law. Chamberlain . Reinier Memes 28) 
Compressed Air. Wightman . ue eS "s 6d 
Contracts and Specifications. Nichols | r cs 7s 6d 
Corporation Accounts and Voucher System. “Grifith, . . + _5s 
Corporation Law. Abbott, Springer, and Gilmiors a & he RAP Ibe 
Cotton Spinning. Hedrick’ ¢ se Be 12s 6d 
Dams and Weirs.: Bligh . a 5 ; : a 3 x 4 08) 
Descriptive Astronomy. Moulton, . - + + + + * 10s 
Electric Railways. Craveth te oe a 7s 6d 
Electric Lighting. Harrison . Fae ee es tH 
Electric and Gas Welding. Cravens > . . + + * ts 6d 
Electrochemistry and Metallurgy. Burgess . - ie eee SOs 
Electrochemistry and Welding. Burgess - + + * ° ‘49 6a 
Elements of Blectricity. Millikan. . + + + * * 49564 
Blevators; Jallings « «yw os «= & & ee EA 
Estimating. Nichols.  . 2. . + + + tf 10s 
Fire Insurance Law. Hardy . nt Aig a doles 
Fireproof Construction. Fitzpatrick ee ek: a ee 10s 
Ford Car. Bayston . . ee ge  Fnigg 
Forging. Jernberg . . : % bs : 5 5 . . 0 
Foundry Work. Gray - 5 eo eS . . is 
Freehand and Perspective Drawing. mycretiee ee ay OB 
Gas and Oil Engines and Gas Prodiuoers. Marks 2 a | AG8bd 
Gasoline Automobile. Lougheed . fo ye %s 6d 
Gasoline Tractors. Hayward. . . »- + © + ¢ %s 6d 
Getting a Good Job. Barrett 2 fi x e Pi 3 * ws 5s 
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Heating and Ventilation. Hubbard a . - 10s 
Hydraulic Engineering. Turneaure and Black | 7 : : - 15s 
Interior Electric Wiring. Nelson . 2-6 8 ® @ 12s 6d 
Locomotive Boilers and Engines. Ludy o eo 8 ar ie 7s 6d 
Machine Design. Wallace 5 a a ‘ a ‘ - 10s 
Machine Drawing. Griffin and Adams" é ‘ . A * - 10s 
Machine-Shop Work. Turner and Perrigo . ; ‘i é e 12s ce 


Mechanical Drawing. Kenison i 
Meter Testing and Electrical Measurements. Bushnell and Turnbull’ 7s bd 


Modern American Homes. Von Holst . . 103 
Modern Land and Submarine Telegraphy. Macomber = » .o8 
Modern Radio Practice. Hayward . = es my, LOW 
Modern Road Construction. Byrne ae ‘ Qs 6d 
Orders of Architecture. Bourne, Brown and Holst i : . - 15s 
Oxy-Acetylene Welding Practice. Kell . é ¥ é @ . 5s 
Pattern Making. Ritchey and Monroe ees SS 7s 6d 
Plumbing. Gray and Ball e a 7s 6d 
Portfolio of the Orders. Bourne, Brown, and Holst | |, 10s 
Power Stations and Transmissions. Shaad. . . . . . 10g 
Practical Aviation. Chas. B. Hayward. 3 a 5 F x . 15s 
Practical Bookkeeping. Griffith . jm as em 7s 6d 
Practical Mathematics. Nobbs and Waite a a oe %s 6d 
Railroad Engineering. Webb. . 8 a wm w gag 
Real Property Law. Kales . . . . ei ha RS ps 12s 6d 
Refrigeration. Arrowood . 6 Mowe go x TOR 
Reinforced Concrete. Webb and Gibson 1 | | ] 2 103 
Sewers and Drains. Marston and Fleming. . . . . %s 6d 
Sheet Metal Work. Neubecker . + see 2 dog 
Small Motors, Transformers and Electromagnets - .- « & 12s 6a 
Stair Building and Steel Square. Hodgson. . . . «© . 5g 
Standard Legal Forms. Lee . . . es 6 * «6 +108 
Steam Boilers, Care and Operation. Kus) |. 3 «4 %s 6a 
Steam Boilers, Construction and Design. Kuss . F 2 ‘ 7s 6d 
Steam Engines. Ludy a ee - 10s 
Steam Engine ‘Indicators and Valve Gears. ‘Ludy i & "%s 6d 
Steam Turbines. Leland. .- a ee met. 7s 6d 
Steel Construction. Burt . ee $ 5 : 4 12s 6d 
Storage Batteries. Crocker and Arendt 7} ) 2? 7s 6d 
Strength of Materials. Maurer Me & 2S «®& ¥ "%s 6d 
Structural Drafting. Dufour . . . . . «. . s «#» ia 
Surveying. Finch . . - -© + . ~ « «= @2208 
Switchboards. Adams _. 2 * & a oe 7s 6d 
Telephony. Miller and MMeen .- . es = 4 : £1 8s 
Tool and Die Design for Beginners; Shailor . . 7s 6d 
Tool Making. Markham . a s ‘ f ‘ ¥ . 10s 


Trigonometry, Plane. McCarty 58 8 
Underwriters” Requirements or ” sate Electrical Installations. Pierce 7s 6d 
Vocational Guidance. McKinney-Simons i" a - 10s 
Wireless ; How to Become a Wireless Operator. * Hayward - «+ 108 
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Acoustics, Smith (116) . ° . 
Agricultural Surveying, Scott (245). 
Animal Physics, Lardner — 
Part] (183) 2. +» »© « « 
Part I] (184). . . oe ae 
Arches, Piers, &c., Bland (x11). 
Architecture, Ancient (128, 130) 
Design, Garbett (18) 
Grecian, Aberdeen (130) « 
of Vitruvius, Gwilt (128) 
Orders, Leeds (16). 
Orders and Styles (16, 17) 
Styles, Bury (17) f i _ 
Ee Modelling, Richardson 
£27) i0 ie itleihsas eure) | ansallte 
Arithmetic, Young (84). $ 4 
do Key (84*) . . 
Quarrying, Burgoyne 


65) a ey anatase ealeciennaay 
Boilermakers’ Assistant, Courtney 


0. 
Blasting and 


BIT)S ie a ee el a oe 
ready Reckoner, Courtney (254) « 
Bookkeeping (83) ee ee 
for Farmers, Woodman (266) e 
Boot and Shoe Making, Leno (262) . 
Brass Founding, Graham (162)... 
Brick-Cutting & Setting, Hammond 


(265)... 6. aepiemeius 
Bricklaying, Hammond (189) >: 
Brickwork, Walker (252). 

Bridges (Iron), Pendred (260) . 
(Tubular and Girder), Dempsey (43) 
Building, Beckett (206)) .  s- 
Estates, Maitland (247, 
Science of, Tarn (267) 
Calculus, Differential, 

(EO) sr ulti ee arate 
Carpentry and Joinery, Tredgold, 

Plates, 4to(x82%). . 
Cattle, Sheep, & Horses, Burn (142). 
Cements, Pastes, Glues, Standage (276) 
Circular Work in Carpentry, Collings 

rj. Naina ke Oe 
Coach Bullaiag, Burgess (224) « 

Coal Mining, Smyth (180)... 
Colouring, Grammar of, Field (186) . 
Compound Interest and Annuities, 
Thoman (196) + 2 + # 
Cottage Building, Allen (42) 8 
Gardening, Hobday (232). + 
Decoration, Elementary House, 

Facey (229) + 65 + + © 


Wooikouse 
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Decoration, Practical House, 
Facey(257)+ =» + 4. 6 
Drainage of Lands, Dempsey (268) . 
Draining & Embanking, Scott (239) 
Drawing and Measuring Instru- 
ments, Heather (168). . + 
Dwelling Houses, Brooks (132). + 
Electric Lighting, Swinton (282). 
ran ‘boas and Fences, Scott 
4d) Gan, ie eeenee Beas 
Farming Economy, Burn (141) 
Foundations, &c., Dobson (44) « 
French Polishing, Bitmead ax) 
Fruit Trees, Du Breuil (177) + 
Garden Receipts, Quin (233) + 
Ges Works, ‘Hughes & O'Connor 
fara) \(oil Gel OnE 
Geology, Historical, Tate (173). + 
Physical, Tate (174). 2 4 
Geometry, Descriptive, Heather (76) 
Plane, Heather (178). we 
Grafting and Budding, Baltet (231) . 
Hall-Marking of Jewellery, Gee (249) 
Handrailing and Staircasing, Col- 
Tings (230) -» 4 6 16 
Health, Management of, Baird (112*) 
House Book (12, 112%, 194) «+ 
Decoration, Facey (229, 257) 0) 
Manager (194). + +) os 
Human Understanding, Locke (153) « 
Joints Used by Builders, Christy 


(226) B's RN aS 
Kitchen Gardening, Glenny (201). 
Landed Estates Management, Burn 

201 So ce . 
Light, Tarn (269). . . 
Locomotive Engine Driving, Rey- 

nolds (255). + 2 +) « 

Engineer, Model, Revnolds (278) « 
Logarithms, Law (204") . + + 
Logic, Emmiens (150). es 
Machinery, Details of, Campin (236) 
Marine Engineering’ Elementary, 
2a Brewer(275) + + + 
Masonry and Stone-Cutting (25). 
Masting and Rigging, Kipping (54) « 
Materials & Construction, Campin 


(GIO) cw eae ak te 
Mathematical Instruments, Heather 
(ECBeO=70)mnaeaee Mey Msn 
Mathematical Tables, Law and 


Young(204). + «© «© « 
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Mathematics, Campin (227) 5 
Measures, Weights, and Moneys, 


Woolhouse (22) 
Meat Production, Ewart (250) 
octane Engineering, Campin 

223) 


Medicine, Domestic, Gooding (x12) | 
Mensuration and Measuring, Baker 


(93)s. os. es ya as 
Mineral Surveyors’ Guide, Lintern 


(t95) +0. we 
Mining Tools, Morgans (172) : 

Morgans, Plates, 4to (172*) 
Music, Spencer (69) 

Natural Philosophy, Tomlinson (2) : 
Navigation & Nautical Astronomy, 
Young (99 - 

Greenmend and Rosser ($5) 
Optical Instruments, Heather (169) - 
Organ Building, Dickson (235) . 
Painting, Fine Art, Gullick’ and 

Timbs (x81) . 
Perspective, Pyne (20) 
Pianoforte, Spencer (71) 
Pioneer Engineering, Dobson (2 5) 
Plastering, Kemp (273) + 
Pneumatics, Tomlinson (12) i 
Portland Cement, Faija (248): : 


WEALE’S 


lish Grammar, Clarke (x1) . 
EngieGrammar, Hamilton (14). | 
‘Lexicon, Hamilion— 
Greek and English (15) . 
English and Greek (17). 
Complete in x vol. . 2 
Latin Grammar, Goodwin Gs) 
Dictionary, Goodwin— 
Latin and English (20): . 
English and Latin (22) 
Complete in z vol. . = 
Italian Grammar, Elwes (27) + 
Triglot Dictionary, Elwes, English- 
French-Italian (30) : 
French-Italian-English (32) | 
Spanish Grammar, Elwes (34). 
Dictionary, Elwes (35) . 


36 | 
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Quantities & Measurements, Beaton 


(15 ae ae) ae cial 
Roads and Streets, Law, Clart, and 
Tayler (197) « As 
Sailmaking, Kipping (149) 2 


Sanitary Work, Slage (203) 

Sewage, Irrigation, &c., Burn (146). 

Sheet-Metal Workers’ Guide, Crane 
(238). “= + 

Shoring, Blagrove (261) 

Silversmiths’ Handbook, Gee (225) 


| Slate and Slate Quarrying, Davies 


NGtDine wo ae ee 
Smithy and Forge, Crane (237). - 
Soils, Manures, and Crops, Burn 


(CRON ie a, tS onl 
Stationary Engine Driving, Reynolds 
G50) es ee a 
Surveying, Baker and Dixon (60) 
Instruments, Heather (170). 
Subterrancous, Fenwick (117) 
Tree Planter and Propagator, Wood 
(20 : 
Pruner, iV ood (216) 
Ventilation of Buildings, Buchan 


(272) 
Water, Power of, Glynn (82) 
Well Sinking, Swindell & Burnell(3t) 
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French Grammar, Strauss (24). 0. 
German Reader, pleats Go. 
y, Bresslaun— 
Hebrew and Ei lish (44) 2 3% 
English and Hebrew (46) 
Hebrew Grammar, Bresslau (46%) ¢ 
French and English Phrase Book 
(47). 6 ee, 
Composition and Punctuation, Bre- 
nan (48) 
Deiivative English Spelling, Row- 
botham (49) 
Extempore Speaking, Bautain (51) 
Portuguese Grammar, Elwes (55). 
Dictionary, Elwes (56) . 
Cesar’s Commentaries on the ‘Gallic 
War, Young. . . 
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STANLEY. “SURVEYING " INSTRUMENTS. | 
mate STANLEY 


Quick Setting Engineer’s Level. 


r to the foregoing, but with the Stanley Patent Quick Setting 


Similai 
Spherical Joint. 
10-in, aN Sat ue ao his OO 
12-in. Ae Gon oon be0 13 10 0 
14-in. oon oo a ee 15 0 0 | 


Prismatic Compasses, 
&e. 


Prismatic Compass, Brass, with 
Shades | and Mirror, Aluminium 
Heathen cae 


{£6 10 0 


Cartan Asney's Pocket Lever anp CLINOMETER oe on oe 118 0 


Ditto, large, with Telescope, reading to minutes, with rack adjustment «+ 60 


° 


v ADVERTISEMENTS. | 


TRADE STANLEY’ MARK 


CASES OF DRAWING INSTRUMENTS, from 108 to £30 Os. oa, 
Station Pointers and Plane Tables. 


two permieny to 


Sration PornTER, 12-in., reading” by 


single minutes, in case vee s+ £610 0 
Ditto, 12-in., extending to 24-in., two thea aid tangent 

adjustments, divided on silver, in case «+ on sao Ir 0 0 
PraNE Tanz, plane board, 16 by 13 ins., on tripod, with 

sighted alidade, level, and trough compass ee 210 0 
23 by 16 ins., with panel board to stretch paper, folding 

tripod, portable alidade, trough compass, and levels. 700 
As the above, with relescares 48 10S. 5 piso with vertical 

aLGee at | a. “s vee oe 10 0 0 


PLANE TABLE, wiih framed ane “Tevelling screws and 
revolving motion with clamp and ee telescopic 
ahidade; ci Bey. ss. * ast, bbe a@eel fe oe 


Ditto, ditto, with extra powerful telescope «+ oo fir 17 10 0 


ADVERTISEMENTS. vi 


aa Tepe 


rave’ STANLEY mre. 


Stanley Aneroids. 


AxEroip Barometer, 3-in. or 4t-in., Stanley's improved, specially for 

altitude measurements. Of very refined workmanship, has a new ond 

exact system of reading. It may be relied upon for comparing depths 

and inclines of mines, altitudes, &c., within a single yard or less; incase £6 0 © 
As above, in aluminium, weight 3flbs., in sling leather case... 
Tounisrs’ Pockrr Axrroins, with altitudes, £t rs. to 


oe 610 0 
ste ete ane Yeo 


Various Surveying Instruments, 


Lanp Cuarns, light steel, 66-ft., 125.; roo-ft., 14s. ; 20 metres an $012 0 
Ditto, strong, 66-ft., 155. ; roo-ft., 185. ; 20 metres ee tor cnn 16 0 
Tapas, best linen, 65-ft., 95. ; so-ft., 8s. 3 roo-ft., 135.5 20 metres wove 10 0 
Sounpine Lines, with weight, 20-ft., 75. go-ft., gs 3 goeft , 145.7 100 ft. 80 
+ oo» Cuarns, heavy weight, in case, so-ft., £5; 100-ft. ... CC) 
Cross Sarr, open, with axis (est form), in case on) © 


Orrset Rops, 10-link, shod, and with hook, 5s. 6d. ; jointed 
RanainG Porss, 3 colours, per doz., 6-ft., 30s. 
Boninc Rops, set of 3, r4s.; with driving spurs wee ae 
Fierp Book, in basil with’ band, 15. 8d. each ; per doz. 

LrveEtLinG Books, various patterns, 2s. each; 


8-ft., 36s. ; ro-ft. 
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EVERY ARTICLE FOR ENGINEERS AND ARCHITECTS IN STOCK. 


DRAWING OFFICE STATIONERY AT LOWEST POSSIBLE 
PRICES. A VERY LARGE STOCK KEPT. 


Largest Manufacturers of Surveying and Drawing 
Instruments in the World. Please send for our K IS 
Catalogue, and compare our Prices with those of other 
first-class makers. 


W. F. STANLEY & CO., Ltd., 


Great Turnstile, Holborn, London, England. 
Show Rooms:—286, High Holborn, London, w.c, 
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